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LOI NOI PAU

Pugc phép cua Bo Gi4o duc va Pao tao va sy ung ho rong réi cua cac t chirc khoa hoc va cong
nghé trén toan quéc, Hoi nghi Toan qudc “Khoa hoc Trai dat va Tai nguyén véi Phét trién bén viing -
ERSD 2018~ dugc t6 chirc tai Truong Dai hoc Mo - Dia chat (HUMG) voi su tham gia va phdi hop
t6 chuc cua nhidu don vi quan Iy, nghién ctu khoa hoc, dao tao va san xuét c6 uy tin goém Truong
Pai hoc M6 - Dia chét, Téap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc Dia chit va
Khoang san Viét Nam, Tong hoi Dia chat Viét Nam, Cuc Po dac, Ban db va Thong tin dia ly Viét
Nam, Hoi Co hoc da Viét Nam, Hoi Pia chat Thuy van Viét Nam, Hoi Dia chat Céng trinh va Moi
truong Viét Nam, Hoi Khoa hoc Cong nghé Mo Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Cong
nghé khoan - Khai thac Viét Nam, Hoi Tric dia - Ban d - Vién tham Viét Nam, Vién Dia chat thugc
Vién Han 1am KHCN Viét Nam, Vién Dia chat va Dia vat Iy bién thuoc Vién Han 1am KHCN Viét
Nam, Vién Khoa hoc Cong nghé M6 - VINACOMIN, Vién Khoa hoc Dia chét va Khoang san, va
Vién Vit ly dia cau thuoc Vién Han 1am KHCN Viét Nam. Hoi nghi nham tao mét dién dan dé cac
nha khoa hoc, chuyén gia va cac nha quan ly gioi thiéu nhirng két qua nghién cttu khoa hoc méi, trao
dbi thong tin, thao luan va d& xuat cac y twong, husng nghién ciru mai, nhdm nang cao chit luong
cong tac dao tao va nghién cuu khoa hoc, chuyen giao cong nghé va phuc vu phat trién kinh té - x&
hoi, hudng t6i hoi nhap quéc té va phat trién bén viing ddi véi Khoa hoc Trai dat va Tai nguyén thién
nhién va nhiéu linh vuc khoa hoc khac c6 lién quan nhu Co - Bién, Cong nghé Thong tin, Xay dung,...

Trong qué trinh to chirc Hoi nghi, Ban To chirc Hoi nghi da nhan dwoc rat nhidu su quan tam cua
cac nha khoa hoc, nha quéan 1y trong va ngoai nudc, trong d6 c6 hon 300 béo céo va tom tat béo cao
khoa hoc duoc giri t6i Ban bién tap. Trén co s& d6, Ban Bién tap di tuyén chon duoc 234 béo céo co
chat lugng, phan anh nhitng két qua nghién ciru khoa hoc cdng nghé mai nhét thugc nhiéu linh vuc
khac nhau lién quan t6i cac chu dé cua Hoi nghi. Cac thong tin khoa hoc méi dugc trinh bay tai Hoi
nghi dugc ding trong Tuyén tap tém tat céc bao co va Tuyén tap cac bao céo toan van cua Hoi nghi,
trong do6 toan bo thong tin khoa hoc vé hoi nghi duge ghi trong dia CD. Riéng tuyén tap bao c4o toan
van dugc in thanh 16 tap, mdi tap tng véi mot chu dé khoa hoc sau:

. Dia chét va Tai nguyén dia chat

. Dia chét cdng trinh - Dia chét thay vin

. Cong nghé ky thuat mai trong xu ly méi truong

. Quan ly Tai nguyén va Mo6i truong

. Sinh thai méi truong va Phét trién bén viing

. Nhiing tién bo trong Khai thac mo

. Nhitng tién bo trong Tuyén khoéng

. Nhiing tién bo trong Xay dung cong trinh ngam

. Nhirng tién bo trong Vat liéu va Két ciu xay dung

10. K¥ thuat Dau khi tich hop

11. Trac dia cao cap va Quan tric dia dong hrc

12. Cong nghé vién tham va dir liéu khdng gian

13. C6ng nghé thdng tin va tng dung

14. K§ thuat Bién va Bién tu

15. Ky thuat diéu khién va Ty dong hoa

16. Ky thuat Co khi va Bong luc

Ban to chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
va chii tri Hoi nghi, cliing cac don vi dong t6 chie da hop tac va gép phan quan trong vao su thanh
cbng cua Hoi nghi ndy. Cam on céc nha khoa hoc da dong gdp cac cong trinh khoa hoc cho Hoi nghi
va dic biét 1a cac chuyén gia dd tham gia bién tap dé nang cao chit lugng cua bao céo khoa hoc.

Mic du da cb gang bién tap dé dam bao chat luong ciia cac bao cao khoa hoc nhung khdng thé
tranh khoi céc 18i ky thuat trong cac bao céo, rat mong nhan dugc sy cam thong cua tac gia bao céo
va ban doc. Ban t6 chirc mong mudn tiép tuc nhan duoc su hop téc chit ché va gop y chan thanh cua
cac don vi va ca nhan ddi vai viéc td chirc va bién tap, xuat ban céac két qua khoa hoc caa Hoi nghi
nham nang cao chat luong cua cac hoi nghi tiép theo va gop phan thiic day sy phat trién bén viing cia
cac hoat dong nghién ciru khoa hoc, chuyén giao cong nghé thugc cac linh vuc Khoa hoc Trai dat va
Tai nguyén va cac linh vyc khoa hoc khac cd lién quan
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Nghién ciru anh huong cia kich thudc tim dém neo
den su phan bo tng suat va bien dang trong tam dém

Pao Viét Poan* )
YTruong Dai hoc Mo - Dia chat

TOM TAT

Tam dém la mot trong nhimg bd phan quan trong trong két cau chdng neo, ¢ tac dung ép tdm ludi
thép 1én sat bién duong dudng 1o va ép chat ving dat da xung quanh tim dém ngin ngira bién dang cia
khoi dat da xung quanh dudng 16. TAm dém rat da dang vé hinh dang kich thuéc ciing nhu vat liéu. Hién
nay cac nghién ctru vé anh huéng cia kich thuéce tim dém dén phan bd Gng sudt va bién dang trong khoi
d4 con it duge dé cap dén, vé mat dinh tinh kich thude tim dém cang 16n tic dung chdng d& cang tot
nhung s& gy lang phi nguyén li¢u, néu kich thude tam dém qué nho thi s& khong phat huy dugc kha ning
chiu lyc cua két cau chdng neo, chinh vi vay can thiét phai thuc hién cdc nghién ctru ly thuyét ciing nhu
thuc nghiém dé lya chon kich thudc hop 1y cho tim dém neo. Bai viét str dung phuong phap md phong s6
dé tién hanh nghién ctru anh huong cua chiéu rong, chiéu day tam dém hinh vudng dén sy phan bd ing
suat va bién dang trong tam dém. Két qua nghién ctru cho thdy rat rd sy anh huong cia kich thude tim
dém dén su phan bd tng suét va bién dang trong tim dém, cling tur két qua nghién ctru gitp cho cac don
vi thiét ké thi cdng cb co so dé lwa chon kich thuéc cho tim dém neo.

Tir khoa: TAm dém neo, phan b tmg sudt trong tim dém neo, bién dang trong tim dém neo

1. Pat van dé

Dé phét huy tac dung cua két ciu chdng neo thi cac bo phan cau thanh 18n két cdu neo phai & trang théi
lam viéc binh thuong trong dé ¢ bao gom ca tim dém neo. V& mat dinh tinh chlng ta c6 thé thiy rang
kich thudc tim dém neo ¢ anh hudng dén viéc phan bd wng suit va bién dang trong tim dém hay néi
cach khéc 13 anh huong truc tiép dén hiéu qua gia cd va tinh kinh té cua két cAu neo. Hién nay céc cong
b nghién ciru vé anh huong cua kinh thudc tim dém neo dén sy phan b wng suat va biét dang trong tim
dém con c6 nhiéu han ché. Mat khac trong céc thiét ké ho chiéu chéng neo thi viéc lya chon kich thudc
cho tm dém thuong khong duoc tinh toan lya chon ma Iy theo kinh nghi¢m chinh vi vay c6 thé dan dén
viéc lya chon kich thuéc tam dém qua I6n gy lang phi vat ligu, khi lya chon tam dém qua nho s& 1am
giam hiéu qua cua gia cd. Bai bao sir dung phuong phap s6 md phong anh hudng cua kich thudc tim dém
neo dén phan b ¢ng suét va blen dang trong tim dém. Két qua cho thay khong nén tang kich thudc tim
dém 1én qua Ién vi tac dung gia cd khong khong c6 lgi nhiéu ma lam tang chi phi vat ligu.

2. Tac dung va yéu ciu caa tim dém neo

Tam dém neo 1a mot trong nhitng bo phan quan trong cua két ciu chong neo, n6 anh huong dén sy
phat huy tac dung chdng gii ctia hé thong neo rét I6n va thong thuong tim dém c6 hai tac dung chinh:

- Ep chit vé6i bé mat dat da thong qua viéc van chat bu 16ng neo tir d6 tao du ung luc cho than cbt neo,
ddng thai 1am cho lue nén ép duoc tao ra phat trién rong vao trong khbi dat da xung quanh neo lam cai
thién trang thai ung suét cua khéi dat da xung quanh, khéng ché sy tach 16p, phat trién khe nut trong khéi
dét da, thuc hién tc dung chéng giit chi dong va kip thoi.

- Dit da bién dang gay ra tai trong tac dung I&n tim dém, tai trong ndy s& théng qua tim dém truyén
dén thanh cét neo.

Tam dém neo can c6 c&c yéu cau ky thuat sau:

- Cuong d6 cta tim dém phai twong dong véi than cét neo, sy bién dang va bi pha hiy cua tim dém s&
dan dén giam kha néng mang tai ciia neo, tham chi toan b thanh neo khéng c6 tac dung chdng giir

- T4m dém can c6 kha nang bién dang nhat dinh, khi tai trong qué I6n cd thé bién dang giam ap khong
gay ra pha huy don, mat hiéu qua.

- Tam dém phai c6 kich thudc nhat dinh, dé truyén luc cho thanh neo

- TAm dém neo phai c6 kha ning diéu chinh tdm, cé géng tranh 1am cho tdm tdm dém neo chiu tai
trong léch, vi néu bj Iap léch s& lam giam kha ning mang tai cua thanh neo

*Tac gid lién h¢
Email: daovietdoan@gmail.com



Hinh 1. Mgt s logi tam dém thiong ding
3. Anh hwéng ciia kich thwéc tAm dém neo dén phan b &ng suat va bién dang trong tim dém
3.1. Ldp md hinh mé phéng

M6 hinh md phong anh huong cua kich thudc tim dém neo dén sy phan bd tng suét trong va bién
dang trong tim dém duoc st dung bang phan mém Flac3D. Kich thudc cia mé hinh ludi (chiéu dai x
rong x cao = 6m x 0,6m x 4m), lip dat thanh neo vao giira md hinh thé hién trén hinh 2. Trong mé hinh
tinh ldy md dun dan hoi cua tim dém bang 200 Gpa, hé s poisson p = 0,3, cuong d6 gisi han cia tam
dém bang 235 MPa, cudng do giéi han cua thanh neo bang 500 MPa, chiéu dai neo bang 2,4 m duong
kinh 22 mm, gié tri du @ng luc lay bang 60 kN.

FLAC3D 5.00
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Hinh 2. M6 hinh lwéi md phong
Céc tham s6 cua khdi da thé hién trén bang 1.

Bang 1. Tham sé co hoc vt ly cua khoi da

Mat do Mob dunthé | Moduncat | G6c ma sét Cudng do khang Luc dich két
(kg.m-3) tich (GPa) (GPa) trong (do) kéo (MPa) (MPa)
2500 2,18 1,45 32 0,40 1,10

3.2. Anh hwong kich thudc tdm dém dén sy phan bé ing sudt theo phwong thang ding trong tdm dém

Dé nghién ciru anh huéng cia chiéu rong tim dém neo dén phan b tng suat theo phuong thing dimg
trong tim dém ta ly kich thudc chiéu rong tim dém trong cac phuong an mo phong nhu sau: d = 100mm
x 100mm x 10m; d = 150mm x 150mm x 10mm; d = 200mm x 200mm x 10mm; d = 250mm x 250mm x
10mm; d = 300mm x 300mm x 10mm.

Su phan bd tng suat theo phuong thing ding trén tam dém neo ng véi cac kich thudc khac nhau thé
hién trén hinh 3.
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Hinh 3. S phan bé ing suat theo phuwong thang diing trong tam dém ung vdi cdc kich thwdc tam dém

Duong cong phan b (ing suat theo phuong thing dimg trong tim dém ang véi céc kich thudc cia tam
dém thé hién trén hinh 4.
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Kich thuée tim dém neo /m
Hinh 4. Sy phan bé g sudt theo phwong thang dimg trong tam dém img Véi cdc kich thuéc tam dém

Tir két qua md phong thé hién trén hinh 3 va 4 ta c6 thé thay rang khi thay ddi kich thuéc tim dém thi
su phan bd ng suit theo phwong thing ding trén bé mat tim dém c6 su thay déi, kich thuéc tim dém
cang 16n thi sy phan b ng suét ciing cang 16n, diéu ndy cé thé giai thich 1a khi kich thudc tim dém lon
thi dién tich bé mat tiép xtc voi dat da cang 16n do vay chiu luc cang 16n. Tai cac trudng hop kich thude
tam dém trén tryc hoanh tai vi tri 0,2 m la thm cuia tim dém day 1a vung tap trung wng suat lon nhat va
phan bd wng suat giam dan khi vé phia bién tim dém, cach tam tdim dém mot khoang cach nhat dinh gia
tri wng suat giam xudng bang 0.

Quan sat két qua phan b ung suét theo phurong thang dimng ta c6 thé thay rang khi kich thudc tim dém
nho (100x100 mm) (g suat phan bé trén toan b tam dém, khi kich thuéc tim dém lon dan thi bién tim
dém chiu luc ciing giam dan, khi kich thuéc tim dém I16n hon 200x200 mm thi phan bién cia tim dém
hau nhu khong chiu lyc, nhu vay tir két qua md phong cé thé thay ring khong nén ting kich thudc tim
dém 1én qua I6n vi vira khdng c6 tac dung chiu lyuc vira ton kém chi phi vat liéu.

3.3. Anh hwéng ciia chiéu ddy tdm dém dén ing sudt phap tuyén va bién dang trén tdm dém neo

Dé nghién ciru anh huong cua chiéu day tim dém dén phan bd wng suat phap tuyén va bién dang trén
tam dém trong trudng hop nghién ciru nay ta liy kich thudc chiéu rong tim dém neo hinh vuéng bing
150 mm, thay ddi gié tri chiéu day tim dém neo theo cac phuong an nhu sau: h =8 mm, 12 mm, 16 mm,
20 mm va 24 mm.

Két qua hinh anh md phong anh huéng cua chidu day tim dém neo dén sy phan bé wng suit phéap
tuyén trén tim dém thé hién trén hinh 5.
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Pudng cong phan bd wng suat phap tuyén trén tim dém (ng véi cac chiéu day tim dém thé hién trén
hinh 6.
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Hinh 6. Sir phan bé ing suat phap tuyén trong tdm dém ing véi cac chiéu ddy tam dém

Tir két qua mo phong thé hién trén hinh 5 va 6 ta c6 thé thay rang khi thay ddi gi tri chiéu day tim
dém thi tmg suét phéap tuyén trén bé mat tim dém cé sy thay dbi, chiéu day tim dém neo cang lon thi gia
trj (ing suat phap tuyén trong tm dém cang lon, diéu ndy 6 the giai thich Ia khi chiéu day tim dém ting
lam cho tim dém cing hon tir d6 kha nang khang bién dang Ién hon lam cho tng sut phép tuyen tap
trung s I6n hon. Khi tam dém co Chleu day nho tir 8 + 16 mm sy chénh léch vé gia tri Gng suat phap
tuyén 14 khong déng ké nhung khi tim dém c6 chiéu day I6n su chénh léch gié tri tng suat phap tuyén thé
hién rd hon.

Téng thé phan b tng suat trén tim dém thay ring tng sut tap trung 16n nhét tai trung tm tim dém
va giam dan vé phia bén ngoai. Trén tim dém xuét hién hai viing tng suat nén va kéo, tai tam tim dém vé
mdi bén khoang 20 mm tdm dém chiu &ng suat nén, cach tdm tim dém khoang tir 20 + 50 mm vé phia hai
bén tim dém chiu @ng suat kéo véi gia tri khong dang ké, cach tdm tim dém 50 mm ra ngoai bién tim
dém bé mat tim dém gan nhu it chiu Gng suét.

Hinh anh két qua mé phong anh huéng cua chiéu ddy tim dém dén bién dang trén tim dém ung voi
cac chiéu day tim dém thé hién trén hinh 7.
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Pudng cong phan bo bién dang trén tim dém neo tng véi céc chiéu day tim dém thé hién trén hinh 8.
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Hinh 8. Puong cong bién dang trong tam dém #ng véi cac chiéu day tam dém

Tir két qua md phong thé hién trén hinh 7 va 8 ta c6 thé thay ring khi thay ddi gié tri chiéu day tim
dém thi bién dang trén bé mat tim dém c6 sy thay ddi, chiéu day tam dém neo cang Ion thi gia tri bién
dang trong tim dém cang nho, diéu nay cé thé giai thich Ia khi chiéu day tim dém ting lam cho tim dém
cling hon tir d6 kha ning khang bién dang ciing 16n hon. Khi tim dém cho chiéu day nho tir 8 + 16 mm sy
chénh léch vé gia tri bién dang 1a khong dang ké nhung khi tim dém c6 chidu day I6n su chénh léch gia
tri bién dang thé hién ro hon.

Téng thé bién dang trén tim dém thay ring bién dang tap trung Ién nhét tai trung tm tim dém va giam
dan vé phia bén ngoai. Trén tim dém xuét hién hai viing bién dang nguoc chidu nhau twong ing vai hai
viing &ng suat nén va kéo, tai tdm tim dém vé mdi bén khoang 20 mm tdm dém bién dang do chiu tng
suat nén, cach tdm tim dém khoang tir 20 + 50 mm vé phia hai bén thi tim dém bién dang do chiu g
suat kéo vai gia tri bién dang khong dang ké, cach thm tim dém 50 mm ra ngoai bién tam dém bé mat tim
dém gan nhu it bi bién dang.

4. Két luan

Tir két qua md hinh md phong anh huong cua kich thudce tim dém dén sy phan b @ng suat va bién
dang trong tim dém ta rat ra mot s két luan sau:

Kich thuéc cia tim dém neo ¢ anh hudng dén phan b ng suét trong tim dém, nhung chi anh huéng
I6n dén gi4 tri chiu luc tai vi tri trung tm cua tim dém con ving ngoai bién cia tim dém cé anh huéng
khéng nhiéu. Kich thuéc cua tim dém cang 16n ving ngoai bién cua tim dém gan nhu khong chiu luc



chinh vi vay khi lya chon kich thudc tim dém khong nén chon loai ¢ kich thuéc qué 16n do khéng cé tac
dung chiu hrc nhiéuma gay tén kém chi phi vat liéu.

Chiéu day tim dém c6 anh hudng dén phan bd wng suat phap tuyén va bién dang trong tim dém. Két
qua md phong kich thuéc tim dém bang 150 mm cho thay ung suat theo phwong phéap tuyén va bién dang
tap trung & cha yéu viing chiu nén tai trung tm tim dém, cach tdm tim dém sang hai bén khoang 20+50
mm la viing chiu kéo trong tim dém tai ving nay gié tri tng suat kéo va bién dang kha nho, va cach tam
tam dém tr 50 mm dén bién tim dém gan nhu khong chiu tng suét va bién dang.

Tir két qua nghién ctiu c6 thé rit ra dé xuat khong nén ting kich thude cia tam dém 1én qué 16n vi higu
qua gia cd khong dang ké ma lai 1am tang chi phi vat liéu va gay kho khin cho qué trinh van chuyén lap
dit neo, thong thuong kich thudc chiéu rong tir 150+200mm, chiéu day tir 8+10mmcho neo thudng, va
kich thudc chiéu rong tir 250+350mm, chiéu day tir 10+16mmcho neo cép.

Loi cim on
“Téc gid xin chén thanh cim on sy hd tro cua d& tai “Nghién clru xac dinh tham s6 du tng luc pht hop
véi két cau neo chong trong cac duong 10 vung Quang Ninh” Ma s6: B 2017-MDA -16 DT.
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ABSTRACT
Research on the effects of rock bolt plates dimensions on the
distribution of stress and deformation in plates

Viet Doan Dao*
'Hanoi University of Mining and Geology

The rock bolt plates is one of the important components constituting the anchor structure, which
pressed the steel mesh to boundary roadway of effect and squeezes the rock around the plates to prevent
deformation of the rock mass. The rock bolt plates are varied dimensions, shape and materials. Currently,
studies on the effect of rock bolt plates dimensions to stress distribution and deformation in plates not
mentioned much, on the qualitative, dimensions of plates as large as the better to support but wasteful of
materials, If the dimensions of plates is too small, will not bearing force capacity of the structure anchor,
so it is necessary theoretical and empirical of studies to choose the dimensions plates. The paper uses
numerical simulation to studies the effect width and thickness of the square plates to the stress
distribution and the deformation in plates. This results show that the influence of the dimensions of plates
to stress distribution and distortion in the plates, Also from the research results help for designing,
constructing company have the basis for selection dimensions of rock bolt plates.

Keywords: Rock bolt plate; stress distribution of bolt plate; deformation of bolt plate.
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Vé van dé khai thac xuéng sau va nhiing thach thirc
caa nganh than Viét Nam

Pao Viét Poan* )
YTruong Dai hoc Mo - Dia chat

TOM TAT

Dé dat duoc ké hoach vé san lugng khai thac than, trong twong lai gan nganh than Viét Nam s& phai
cai tao cac mo ham 10 cii va mé rong xay dung cac du &n mo ham 10 mai. Cac du an cai tao va dau tu méi
ngay cang xudng sau va cach xa mit dat, khi cdc dy an khai thac xudng sau ciing dong nghia vai viéc
phai dbi mat véi mot loat cac van dé nhu: ap luc dia ting lon, hién tuong nd da, phut khi, phut than, khi
nd, nudc ngam, dat d4 co tinh bién dang va tham thau lon, diéu kién vi khi hau trong mo khac nghiét, dao
va khai thac trong didu kién dia chat phuc tap va cong tic thong gio, thoat nudc, van tai gap nhidu kho
khin v.v... Bai viét tién hanh tong hop, phan tich cac két qua nghién ciru va kinh nghiém khi khai thac
xudng sau cua mot sé nudc trén thé gidi va néu ra nhitng thach thirc caa nganh than Viét Nam dé céc nha
khoa hoc trong linh vuc khai thac mé tap trung nghién ctru dwa ra cac giai phap nham dam bao an va hiéu
qua khi khai thac xudng sau.

Tir khoa: Khai thac xudng sau, cac van dé trong khai thac, thach thirc trong khai thac

1. Pit véan dé

Nudc ta da trai qua vai thap nién trong linh vyc khai khoéng, trong qué trinh khai thac cac tai nguyén
khoang san cac nha khoa hoc, cac vién nghién ciru thiét ké, cac don vi tw van thiét ké, cac don vi thi cong,
cac co quan quan ly da khong ngirng nghlen ctru tim toi, hoc hoi cac van dé gap phai trong qua trinh khai
thac mo tir d6 da duc rat ra dwoc nhiéu cac tai liéu ly thuyét, nhiéu cac kinh nghiém thuc tién, dua ra cac
quy dinh, cac quy pham trong dao 10 va khai thac dam bao an toan va hiéu qua cho cac du an khai thac tai
nguyén khoang san. Nhung céc 1y thuyét cac kinh nghiém nay chi pht hop véi diéu kién khai thac & do
sau nho. Hién nay céc du an cai tao md rong khai thac va mot sé du 4n méi da va dang khai thac xubng
sau trong diéu kién dia chit rit phuc tap. Trong khi d6 céac 1y thuyét, kinh nghiém, cac quy pham, quy
dinh duc rat dugc khi khai théac & d6 sdu nho da khong con phu hop khi khai théac xubng sau. Chinh vi vay
nganh than can phai tiép tuc khong ngimng dau tu cho cong tac nghién ctiu, bd sung cac ly thuyét, cac quy
dinh, quy pham, k¥ thuat cong nghé phu hop véi diéu kién khai thac xudng sau.

2. Tong quan vé a9 sau khai théac

Tai mot s6 nudce khi khai thac mo ¢ d6 sau Ion déu thay rang, khi khai thac xudng sau da gap phai rat
nhiéu kho khan trong qué trinh khai thac ma khi khai thac & do su nho chwa gap phai.

Trong qua trinh nghién ciru cac van dé dia co hoc di véi cac cong trinh khai thac xudng sau, cac nha
khoa hoc trong nganh mo va linh vuc co hoc da da phan chia vé do sau khai thac dé phuc vu cho céc cong
tac nghién ciru céc hién tuong dia co hoc tuong tng & cac d6 sau, tir d6 dé xuit ra cac giai phap ky thuat
cong ngh¢ phu hop véi timg d6 sau khai thac.

Vi mdi nudc co cac dleu kién dia k§ thuat khac nhau do vay viéc phan chia ranh giéi d6 sau khai thac
cling khac nhau, tai mot s6 nuéc va Nhat Ban cho ring khi khai thac ¢ do sau > 600 m duoc coi 1a d6 sau
I6n, con tai Anh, Ha Lan trong khoang 750 m, tai Nam Phi, Uc, Btc trong khoang 800+1000 m va vugt
qué 1200 m thi coi la khai thac & d6 sau rat lon (/744 2008).

Tai Trung Quédc, nudc cd san lwong khai thac than 16n nhét thé gioi d6 sau khai thac dwoc phan nhu
sau: < 400 m thude do sau nho, tir 400+800 m thudce do sau trung binh, tir 800+1200 m thude do sau léon,
con > 1200 m thude do Sau rat 16n (/77484 2, 2008).

3. Phén chia giéi han @ sdu khai thac

Viéc chia d¢ sau cho cong trinh khai thac mo ddi véi timng ving, ting qu0c gia, ting loai cong. trinh la
hét strc can thiét va khong thé sir dung chung cho tt ca cac nudc trén thé gisi, vi mdi ving, mdi nudc,

*Tac gid lién h¢
Email: daovietdoan@gmail.com



mdi loai hinh cong trinh c6 cac diéu kién dia k¥ thuat khac nhau. Theo tai liéu (#7-F 2017) cho rang do
sau giGi han ciia mo (Hgn) 1a 6 sau khi khéi da xung quanh cong trinh ¢6 biéu hién co hoc phi tuyén, do
sau gioi han trén (Hgne) 1a @6 sau khi khdi da xung quanh cong trinh bat dau cé biéu hién co hoc phi tuyén,
d6 sau gigi han dudi (Hgn) 1a do sau khi khdi da xung quanh cong trinh c6 biéu hién co hoc phi tuyén.
Duya vao su khac nhau cua loai hinh cong trinh, phuong phéap xac dinh d6 sau gisi han c6 thé phan thanh:

cong trinh duong 10 chiu ap luc tinh va cong trinh duong 10 chiu ap luc dong.
Heé s6 d6 khé cua cong trinh khai thac dugc danh gia dya trén ty I€ gitra chiéu sau dat cong trinh véi d6
sau gidi han va duoc tinh theo cong thirc sau (/748744 2008):

F, =

K HSI k

M)

trong d6: Fi - La hé s d6 kho cua cong trinh khai thac; H - Chiéu sau dat cong trinh; Hgy - D6 sau gidi
han cua cong trinh, dya vao cac phan loai cong trinh (chiu ap luc tinh, chiu &p luc dong) dé lya chon.

Theo cong thic (1) ¢6 thé thay rang Gng vai cac do sau khac nhau thi hé sb o kho ciing khac nhau, do
vay phuong phap thlet ké va giai phap chdng giir ciing khac nhau, trén bang 1 (/#7474 #.2008) thé hién
méi quan hé giira hé s6 do kho vai cac phuong phap thiét ké va giai phap ky thuat.

Bang 1. Méi quan hé giiza hé s6 dé khd vdi phieong phdp thiét ké va gidi phap ki thugt

Héso | Dicdiém | Trang thai Phuong phap Giai phap
do kho bién dang do on dinh thiét ké chong gitr
Bién dan ‘ Thiét ké theo cac phuong | Ky thuét chong gitt thong
<08 s g Ondinh | phép thong thuong (thiét ké | thuong
tham s0).
0,812 Bién dang Gia én dinh Phumg phap thlizt ké bién Chong gitr neo két hop ludi
TB dang l6n, phi tuyen (phuong | thép
19:15 Bién dang Khong on | phap thict ké dua vao co hoc | Két cau chong phic hop neo
T I6n dinh khoi da, toi uu hoa qua trinh | + ludi thép + neo cap
. A thiet ke, toi vu hoa thiét ké | Chong phtc hop neo + ludi
1,5+2,0 Blen’dang Rat khong | pam $0). thép + neo cap + bé tong
I16n on dinh
phun
2 . Chéng phtc hop neo + ludi
>2,0 B|en’dang Cgc khong thép + neo cép + bé tbng
16n on dinh ohun

Khi Fx <1 thuong su dung giai phap chdng giir thong thuong; khi 1 < Fx < 1,8 can thong qua nghlen
ctru dé dua ra phuong an chong gitr, Khi Fi> 1,8 céc Iy thuyét hién c6 khong thé giai quyét duoc céc van
dé co hoc khéi da.

4. Tong hgp cac van dé phai d6i mat khi thai thac xudng sau

Theo théng ké cac bai viét tir nim 2005 dén nay va cong tac diéu tra hién truong, khi khai théac cac mo
than & d6 sau 16n so véi khai thac & do sau nho thi cac su ¢b vé nd da, phut khi than, buc nudc, sap 16 noc
106 déu tang vé sb lan xay ra. Tai cdc mo than Trung Quéc khi khai thac xudng d6 sau > 600 m thi c6 dén
70% céc mo xay ra sy ¢d nd khi, phut than c6 s6 nguoi chét I6n hon 10 ngudi/l su ¢ (J#7#]4:%.2008).
Nguyén nhan dan dén céac sy cb mo khi khai thac xudng sau rat phic tap, nhiéu khi khdng biét rd nguyén
nhan, sy ¢ mo phu thudc vao nhidu yéu td nhu: dit d4 c6 tinh bién dang I6n, (ng suit cao, nhiét do cao,
khi bui n cao, p luc nuée 16n, anh huong cua ap lue dong trong khai thac, méi truong co hoc dia chét
phuc tap.

4.1. Vin dé bién dang lon ciia khoi dd xung quanh dwéng 10

Ciing nhu khi khai thac & d sau nho, muc dich chdng giir cac duong 10 khi khai thac o do sau lon la
dam bao tinh lién khdi cia khdi da xung quanh tranh cac cuc da v& vun roi, dich chuyén vao bén trong
khoang trong khai dao ¢am bao an toan cho ngudi va thiét bi hoat dong bén trong dwong 10. Khi khai thac
xudng sau mot mat do ap luc dia tang 1on, mat khac do cau tao cua cac 1op dat d4, (mg suat cau tao dudi
sau phuc tap, co tinh thay ddi dot ngot 1am cho khéi da xung quanh duong 16 chiu &p luc phic tap dan
dén bién dang va viing pha hiy xung quanh duong 10 16n, tham chi sap 16 néc 16 vai dién tich va quy md
I6m, diéu nay 1am giam mirc d6 an toan va ting gia thanh chéng gii cac duong 10. Theo cac tai lidu théng
ké trong 10 nam tré lai day tai cac moé than Trung Quéc cho thiy gia thanh chi phi cho vat liéu chdng gitr
tang 1,4 1an, ty 1& duong 10 sira chira lai bing 40% cac duong 16 da dao. Mi quan hé gitra chidu sau khai
thac va lwong bién dang va chi phi stra chita phuc héi thé hién trén hinh 1 va 2 (/748742 2008).
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4.2. Vién dé hign twong né dd khi khai thic xuéng sau

Theo cac tai liéu thong ké, hién tuong nd da thuong xay ra trong khbi da hoic than cting c6 chiéu day
I6n, cac nguyén nhan chinh gay ra hién twong nd da bao gom: diéu kién vach try via, ang suit nguyén
sinh, chiéu sau khai dao, dic tinh co 1y cua khdi than d4, chiéu day va goc nghiéng cua via than. Theo cac
thdng ké cho thiy, bat ké trong diéu kién khai thac & d6 sau nho (chiéu sau khai thac < 100 m, tham tri
30+50 m) ciing c¢6 thé xay ra hién twong nd d4, nhung hién tuong nd da cé quan hé mat thiét véi do sau
khai thac, khi do sau khai thac ting thi sé lan, cuong do, quy md nd dé ciing tang theo, mbi quan hé gitra
chiéu sau khai thac véi s6 1an n6 da thé hién trén hinh 3 (/##/4%-%.2008).

50 4 12 -

40 & 10 -
3 =
EUR &Y
= £96
=20 -:g = 6
o) [ShN=
g I

10 - —

EE
0 T T T T T T T : ) 0
0 100 200 300 400 50.0 600 700 800 900 0 100 200 300 400 500 600 700 §00
Chiéu sau khai thac, m Chiéu sau khai thac, m
a b

Hinh 3. Quan h¢ giira chiéu sau khai thac véi sé lan né da
a, Thong ké tai cac mé TQ; b, Thong ke tei cdc mo Ba Lan

4.3. Vin dé ham lwong khi bui né

Céc via than dugc thanh tao trong da trdm tich, thudc méi truong dé c6 16 rdng 16n, do vay ham lugng
chira khi mé tan trong d4 16n, sau khi hinh thanh mat 16 khi n trong I3 rong s& thoét ra theo cc bé mit tu
do cua dat d4 vao khong gian duong 10, khi du diéu kién vé nhiét do, ndng do khi mé tan, nong d6 khi oxy
sé gay ra hién tuong nd khi. Mét so nghién ctru cho rang danh gidi d6 sau khai thac quyét dinh boi diéu
kién nhiét d6 dia ting va ap luc khi nd, khi khai & do sau I6n khi né & trang thai hap thu chiém ham lwong
80+90 %, khi n6 dich chuyén trong 16 rong khéi da than chiém tir 10+20 %. Khi d6 sau khai thac ting,
mot lwong 16n khi hap thu trong diéu kién &p luc cao, nhiét d6 I6n, ning luong chuyén dong nhiét 16n dé
xay ra hién tuong nd khi. Ty I¢ giita chiéu sdu vai phut khi, than va khi no thé hién trén hinh 4.
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Hinh 4. Ty I¢ giiza chiéu ség véi phut khi, thanva khi inn 5. Quan hé giia chiéu sau vai sé ldn phut
no khi, than



4.4, Vén dé hign tweng phut khi, than

Cung Vvéi su ting d6 sau khai thac, dudi tac dung cua ap luc dia tAng va wng suat ciu tao ting dan dén
bién dang khéi d4 16n, duong 10 mat 6n dinh dé xay ra hién twong phut than, 1am mat an toan trong dao
cac duong 10 va khai thac. Trén hinh 5 thé hién mdi quan hé giita chiéu sau khai thac véi sé lan phut khi,
than (/745 #.2008).

Hién tuong phut than khi thuong thuong c6 quan h¢ mat thiét voi céc yéu td sau: d6i dia chat cau tao,
phay pha udn nép; ham luong va ap luc khi nd trong cac via than Ion; ap luc dia ting I6n; via than mém;
tinh chat co 1y cua khdi d4; nude ngam va sau khi hinh thanh mat 16 cong trinh mét thoi gian.

4.5. Vin dé nhigt dé va dé am cao

Nhiét 6 dia tang ting dan theo do sau khai thac thé hién trén hinh 6 (/7% #/45%.2008). Theo thong
ké tai Nga & muc chiéu sau khai thac < 1000m nhiét do binh quan trong khoang 30°+40°, dic biét 1én dén
50°, tai Nam Phi cac mo kim loai & d6 sdu 3000 m nhiét d6 1én dén 70°, tai Trung Québc khi khai thac ¢ do
sau khoang 1000 m nhiét d6 binh quan dat dén 30°+40°, dic biét 1én dén 48°, do 4m dat dén trén 95%.
Trong diéu kién méi truong nhiét do, d6 4m cao dan dén cong nhan 1am viéc mét tap trung va hiéu suét
thp, tham tri khong thé lam viéc dugc.
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Hinh 6. Quan h¢ giiza chiéu sau va nhi¢t dg Hinh 7. Quan h¢ giita d¢ sau khai thac véi &p luc nuréc

4.6. Vin dé ap lwe nwéc ngam

Khi khai thac & do sau 16n do muc nudc chiu 4p ting cao dé xay ra hién twong phut nuéc, trén hinh 7
thé hién mdi quan hé giita &p luc nudc voi do sau khai thac (J#7#744%.2008).
5. Pic trung tai cac d9 sau khai thac

Cac su ch xay ra ¢ do sau khai thac nho chu yéu 1a van dé quan ly, con cac su cbd Xxay ra ¢ do sau lon
cha yéu 1a van d& khoa hoc k¥ thuat. O do sau qua do cac su cb xay ra c6 ca van dé quan Iy va van dé
khoa hoc k¥ thuat. Pac diém & cac do sau khai thac thé hién trén hinh 8 (/% /#/4%%.2005).

Phén khu Dic trung Dic diém Ly thuyét
do sau phd huy bién dang thich hop
Khu vye do Co ban khong €<3% Ly thuyét
siu nho pha hay Bién dang nho tuyén tinh
Hght | __________\ 4
Mot bo phan 1y
Khu vy Pha huy €=3%-5% | thuyét hi¢n co
qué do cuc bo Biéndang TB |  hong thé ap
dung
Hehd | 1
Céc 1y thuyét hign
Khu vyc do Phé hity Wy €>5% i ¢6 co ban khong
su lon toan b Bién dang Lon thé 4p dung
H

Hinh 8. Ddc diém & cdc do6 sau khai thac

Theo hinh 8 ta c6 thé thay rang cong trinh khai thac nam & d6 sau nho, khbi da xung quanh cong trinh
lam viéc ¢ trang thai dan hoi hogc gan dan hoi, bién dang khdi da xung quanh cong trinh nhé, co ban
khong xdy pha huy, c6 thé sir dung céc kinh nghiém truyén thng hién c6 hoac ly thuyét dan hoi tuyén
tinh dé giai quyét cac van de co hoc lién quan.

- Cong trinh khai thac nam & do sau qua d¢. Trong khdi da mém, khdi d4 xung quanh céng trinh c6
biéu hién co hoc phi tuyén. Trong khdi da cing, khéi da xung quanh cong trinh c6 biéu hién co hoc dan
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hoi tuyén tinh, Idc nay khoi da mém xung quanh cong trinh dé xay ra bién dang pha hiy, do vay & d¢ sau
nay mot s cac ky thuat, phuong phap, va ly thuyét truyén thong da khong con tinh ap dung.

- Cong trinh khai thac & do sau lon, khdi da xung quanh cong trinh c6 biéu hién co hoc phi tuyén tinh,
¢ do sau nay khong thé sir dung cac ly thuyet truyén théng dé giai quyet cac van dé co hoc, ma phai ap
dung cac ly thuyét phi tuyén, cac dic diém bién dang pha hay phi tuyén dé giai quyét cac van dé co hoc.

6. Nhirng thach thirc ca nganh than Viét Nam khi khai thac xudng sau

Hién nay nganh khai thac than nuéc ta dang bat dau khai thac xudng sau mic du da dau tu cho nghién
ctru va dat duoc mot sé két qua, nhung néi chung cac nghién ciru co ban van chwa duoc chd trong mot
cach bai ban, dac biét 1a moi trudng co hoc trong didu kién dia chat phuc tap dudi sau, 1am cho cong tac
nghién ctru co hoc khdi da dudi sau dimg trudc mot loat cac thach thie nhu: 1y thuyét, phwong phép thi
nghiém co hoc da va khdi d4, phuong phép tinh toan, k§ thuat cong trinh...v.v. Dudi day s& phan tich cac
théch thirc nay dé tim ra hudng di dung cho cong tac nghién ctru va ap dung trong nganh mé trong tuong
lai gan.

6.1. Vé ly thuyét

Do mdi truong co hoc dia chat & dudi sau phuc tap, 1am cho céc biéu hién vé co hoc da, khdi da & do
sau 16n khac rat nhiéu so vai ¢ d6 sau nho, cac ly thuyét truyén thng da dwoc nghién cau xay dung ap
dung khi khai thac & d6 sdu nho khdng con phu hop khi khai thac ¢ do sdu 16n. Do vay trén co s& phan
chia d6 sau khai thac, céc thach thac cha yéu vé ly thuyét ddi voi nganh than Viét Nam khi khai thac
xudng sau bao gdm: xac dinh cuong do khdi da, 1y thuyét tinh toan do on dinh cong trinh va phuwong phap
thiét ké cong trinh.

- Xdc dinh cuong a6 khoi da dwdi sau: Moi trudng co hoc dia chat phirc tap dudi sau, lam cho dic
trung cAu tric va cac tinh chat ky thuat cdng nghé cua khéi da co su bién ddi co ban so véi & d6 sau nho,
cling v&i su anh huéng cua ap luc dong trong khai thac din dén cac su b sap d6 xuét hién véi tan suét
nhiéu hon va dot ngot hon. Chinh vi vay can di sau vao nghién ctru x4c dinh cuong d6 khéi dé trong diéu
kién trang thai trng suit phic tap dudi sau.

- Ly thuyét tinh todn dé on dinh céng trinh duwéi sau: Khi khai thac & do sdu nho do nam & mirc &p lyuc
dia tang nho, sau khi khai dao khdi d4 xung quanh cong trinh thudng khéng xay ra hién twong pha huy.
Vi vay str dung loai hinh két cau chong doc lap 1a c6 thé dam bao d6 6n dinh cho cong trinh. Nhung trong
diéu kién khai thac & do sau 16n, sau khi khai dao cong trinh, do 4p luc dia tang 16n hon cuong d6 cua
khdi da xung quanh cong trinh, dan dén khéi d4 bi pha huay, lic nay sir dung céc loai hinh két cau chéng
doc 1ap khong thoa man yéu cau khdng ché do on dinh cdng trinh, ma can phai sir dung cac két cau té hop
mé&i dam bao tinh 6n dinh cua cong trinh. Mat khac cac ly thuyét tinh toan d6 6n dinh dwoc xay dung &p
dung cho céc cbng trinh khai thadc ¢ @6 sdu nho khéng con phu hgp véi cac cdng trinh khai thac ¢ d6 sau
I6n. Chinh vi vay can thiét phai nghién ctru xay dung ap dung cac ly thuyét tinh toan 6n dinh cong trinh
trén co s sir dung céac két ciu chdng té hop, két ciu chong tan dung kha niang mang tai cua khéi da xung
quanh céng trinh.

- Phuwong phdp thiét ké @é on dinh cong trinh duwéi sau: Trong diéu kién khai thac & do sdu nho, moi
truong co hoc cua khdi da kha don gian, do vay khi tién hanh thiét ké tinh toan d6 on dinh céng trinh
thuong sir dung céc ly thuyét thiét ké tuyén tinh truyén thong 1a dam bao k¥ thuat va kinh té. Nhung trong
mdi truong khai thac dudi sau, do khdi d4 cong trinh c6 biéu hién ddc tinh co hoc phi tuyén do vay
khéng thé don gian sir dung céc thiét ké chong gitr theo ly thuyet tuyen tinh, cac loai hinh két cdu chdng
gitr chong doc 1ap ma can xem xét sir dung két cau chong to hop, két cdu chdng tan dung kha nang mang
tai cua khéi da xung quanh, tinh toan thiét ké chdng giir theo phuong phap co hoc bién dang Ién phi tuyén
phuc tap.

6.2. Vé thi nghiém co hoc dd

- Thi nghiém cuong dg: Trong diu kién khai thac & d6 sau nho, do nim & muc wng suat dia tang nho,
thong thuong cuong do cua da dugc xdc dinh trong phong thi nghiém bang cac phuong phap nén, kéo,
udn cit, miu da. Trong diéu kién khai thac xudng sau, do nim & mirc tng suét dia ting 16n, phirc tap, sau
khi khai dao cong trinh, sy thay doi trang thai wng suit cua 1 phuong hodc 2 phuong thi cuong do co su
bién ddi lon, ddng thoi trang thai chiu luc ciing khong don gian I trang thai chiu kéo hozc chiu nén thuan
tly, ma trang thai phuc hop chiu nén kéo phtc tap, c6 thé theo phuong huéng kinh xay ra qua trinh giam
tai, theo phuong tiép tuyén Xay ra qua trinh ting tai. Vi vay cuong do cua d4 khong thé don gian xac dinh
bang cic miu da, cuc da trong phong thi nghiém bang cic phuong phap kéo nén thuan tdy, ma phai sir
dung phuong phap thi nghiém cuong d6 chiu nén kéo phuc hop.
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- Mb hinh thi nghigm: Céc cong trinh khai thac ngay cang xudng d¢ sau Ién, cac tinh chat co hoc cua
khdi da ciing bién d6i dan theo d6 sau do vay nguyén ly pha hiy cua khbi da ¢ do sau lon khéc véi
nguyén |y pha hay cua khéi da ¢ do sau nho. Cac mé hinh thi nghiém hién nay ton tai cac nhugce diém
nhu: tai trong tir mot phia, khdng thé md phong diéu Kién tai trong khi khai dao trong diéu kién phuc tap
dudi sau. Do vay trong twong lai gan cac phong thi nghiém cua nganh than can tién hanh thi nghiém trong
cac diéu kién chiu luc phuc tap, thi nghiém qua trinh pha hay trong diéu kién cac ché do tai trong khac
nhau, thi nghiém co ché pha hay bién dang cua khéi da duéi tac dung cua cac ché do tai trong va xay
dung cac moé hinh md phong qué trinh xay ra cac su ¢6 cong trinh.

- Thi nghiém dnh hwong cia nuée dén cwong dé khoi da: Thi nghiém anh huong cia nuée dén cuong
d6 khdi d4 dudi sau 1a co so dé xac dinh cuong d6 mém hoa cua khdi da khi gap nudc. Cho téi nay ham
s6 mém hda ciia khéi da khi gap nudc 12 mot trong nhirng muc tiéu da dugc nhiéu tac gia trong linh vuc
co hoc d4 quan tim nghién ctru. Do Vay cic co quan khao sat danh gia chat lwong khéi da ciia nganh than
can phai thuc hién céc thi nghiém xac dinh anh huéng cia nuéc dén cudng do cua khdi da, thong qua xac
dinh ham sb hap thy nudc cia khéi da theo thoi gian, két hop vai cac thi nghiém cuong do tu nhién,
cuong d6 bao hoa cua khdi da dé xac dinh ham sé mém hoa cua khdi d4 dudi tac dung cua nudc ngam, tir
d6 chi din thuc hién cac giai phap chdng giir tai hién trudng, dac biét c6 y nghia khi sir dung céc loai hinh
két cau chdng két hop véi bé tong phun.

- Thi nghiém co ché qué trinh né d4: Khi khai thac & do sau nho, pha huy cua khéi da cha yéu la pha
hity don, khéng c6 hoac rat it gap cac biéu hién bién dang theo thoi gian. Nhung khi khai thac xudng sau,
do méi truong co hoc dia chit va trang théi chiu luc cua khdi da rat phirc tap, khdi d4 thuong cé biéu hién
dic tinh cuong do sau gisi han va biéu hién bién dang déo. D6i véi khdi da ¢ trang théi chiu luc 3 tryc,
sau khi khai dao s& chuyén thanh trang thai chiu luc 1 truc hodc 2 tryc va tng suit giam mot cach dot
ngot, lic nay nang luong Ién tich liy trong khéi da d& duoc giai phdng sinh ra hién twong né da. Hién nay
khi nghién ciru thi nghiém qua trinh nd da trong nganh than can con chua duge cha y dén con mot s6
nudc ¢6 nganh cdng nghiép than phat trién thi da s6 st dung céc thi nghiém mét truc, 2 truc va 3 truc, qua
trinh tang tai khong phu hop vai diéu kién thyuc té nd da tai hién truong, khong thé thuc hién thi nghiém 1
truc, 2 truc giam tai dot ngot va nhu vay s& khong thé tai hién dwoc qué trinh nd da va hién tuong nd da
tai hién truong. Chinh vi vay nganh than can phai du tu thém cac phong thi nghiép, dau tu cac thiét bi thi
nghiém moé phong qué trinh nd d trong diéu kién méi truong dudi sau.

6.3. Thach theec vé phwong phdp tinh

Hién nay cac tinh toan thiét ké phd bién duya trén co s ly thuyét bién dang nho hoic d6 bén gisi han,
néu &p dung céc ly thuyét tinh toan nay cho céc cong trinh & do sau Ién s& dan dén sai léch, va khong phu
hop. Khi khai dao cac duong 16 dudi sau, khdi da s& xuat hién bién dang 16n tir cc phia cua dudng 10, dé
tinh toan bién dang cua khéi d4 xung quanh duong 10 ngodi viéc xay dung cic mé hinh dic trung co hoc
vat ly bién dang pht hop véi khéi da, con phai sir dung céc ly thuyét phi tuyén bién dang I6n dé tinh toén,
nhu vay céc két qua méi pht hop vei diéu kién moi truong dudi sau.

Hién nay phuong phdp s6 dong mot vai tro quan trong trong viéc hd tro tinh toan thiét ké céc cong
trinh néi chung va cong trinh ngam mo néi riéng, c6 rat nhiéu cac phan mém tng dung dua trén co so ly
thuyét phan tir hiru han, sai phan hiru han, ly thuyét phan tir roi rac...vv. Nhung trong céc thiét ké hién
nay cua nganh mé VN viéc ap dung cac phan mén nay trong tinh toan thiét ké con rat han ché. Do vay
can phai xem xét diéu kién &p dung cua cac phan mém dé sir dung trong céc tinh toan thiét ké mo pho hop
khi khai thac xudng sau.

6.4. Théch thiec vé kg thugt cong trinh

Theo cac thdng ké trong muc 4 thay rang khi khai théac xudng sau nganh mo Viét Nam s& phai d6i mat
v6i mot loat c&c van dé nhu: khdi da xung quanh cong trinh bién dang Ién; hién twong phut khi, than; hién
tuong nd da; ap luc dia ting 16n; &p luc nuéc 16m...vv cac van dé ndy s& anh hudng dén an toan trong qué
trinh thi cong cac duong 10 va khai thac khodng san. Dic trung co hoc, vat Iy cua khdi da ¢ dudi sau khac
biét nhiéu so véi khu vuc gan mat dit do vay ma mot sb giai phap ki thuat ap dung thanh cong trong diéu
kién khai thac ¢ do sdu nho khong con phu hgp ap dung khi khai thac ¢ d6 sdu lon. Vi vay cac co quan
nghién ctru nganh than cia Viét Nam can dua trén co so ly thuyét co hoc khdi da & do sau nho can tiép
tuc nghién ctu ly thuyét co hoc khéi da & do sau 1o, trén co s két qua nghién ciru dé xuat cac giai phap
ky thuat phu hop giai quyét cac van dé vé nd da, phut khi phut than, k¥ thuat phong nudc, ki thuat chng
gii trong diéu kién khéi da bién dang lon.
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6.5. Thach therc vé &p dung cong nghé 4.0 khi tdi tao mé réng cac mé cii

Cong nghé 4.0 dang dugc &p dung trong cac nganh cdng nghiép trong d6 cé nganh khai thac mé.
nhung hién nay nudc ta c6 dén trén 90% cac mo da khai thac trong vai thap ky qua, co s¢ vat chat phuc
vu cho khai thac cua cac mo nay rat lac hau, céc cong trinh xay dung phuc vu cho khai thac con thiéu
hoic sir dung cho nhiéu muc dich khac, quy hoach cac cong trinh trén mat khong phd hop manh min
khong dam bao cho viéc ap dung cong nghé 4.0 trong van hanh san Xuit. Do vay tuong lai gan nganh
than trong qué trinh ma rong cai tao cac mo cii can ting budc thuc hién cac cong viée sau: Pau tu xay
dung thém céc cbng trinh trén mat phuc vu cho cong tac khai thac dac biét la cac cong trinh phuc vu cho
cong tac giam sat tu dong bén trén mat bang va bén dudi ham 10, quan tric khi bui nd; d& bo, cai tao cac

cong trinh cii phi hop v6i yéu cau hién dai hoa co givi hda trong san xuét; Nang cép xay dung cac tram
sir Iy nudce thai, hé théng phun suong dap bui trong khu vuc mo; Cai tao xay dung cac tuyen van tai lién
tuc bang bang tdi, han ché str dung phuong tién van tai bang 6 t6; Cai tao nang cip céac tuyén duong ra
vao mo; chuyén cac khu van phong vao trong sdn cong nghiép moé dé thuan tién cho cong tac diéu hanh
san xuit mo; t6 chirc dao tao cap nhat cac cong nghé k¥ thuat méi ciing nhu cong tac quan ly mai; chi
trong dao tao nang cao tay nghé cua cong nhan theo hudng hién dai hoa trong khai thac mo...vv.

7. Két luan

Trén co sé tong hop phan tich cac van dé khi khai thac xudng sau cua cac mo trén thé giGi ta co thé
thy rang hién tai va trong twong lai nganh cong nghiép khai théc than ciia nudc ta dang va s& ding trudc
muon van nhiing thach thirc va kho khin. Do vay cac nha khoa hoc, cac don vi nghién ciru, cac don vi tu
van thiét ké, cac don vi san xuit va cac co quan quan |y can chi trong cho cong tac didu tra khao sét,
nghién ctru giai phap thi cong cac duong 10 va cdng nghé khai thac trong didu kién khéi d4, than bién
dang I6n; &p luc dia 16n; khi bui né cao; phut khi than; &p luc nuéc 16n; nhiét do, d6 4m cao; va cac van
dé vé van tai, thong gi6 thoat nude dé dam bao an toan va dau tu c6 hiéu qua khi khai théc xudng sau
trong diéu Kién cua nudc ta.
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ABSTRACT
Some problems in the deep mining and challenges of coal mining
industry in Viet Nam

Viet Doan Dao!
'Hanoi University of Mining and Geology

In order to achieve planned of coal mining productivity, in the near future the coal industry in Vietnam
will have to renovations old mines and expand new coal mines. Renovation and investment projects are
getting deeper and deeper from the ground, When the mining project is deepened, it also means facing a
series of problems such as: stratum pressure increase, rock burst, gas explosion, gas injection, coal
injection, large deformation, groundwater, rock permeability, microclimate conditions in harsh mines,
excavation and mining in complex geological conditions, and ventilation, drainage, transportation of
many difficulties ... etc. This paper conducting synthesis, analyzes study results and experiences in deep
mining of some countries in the world and propose the challenges of the coal industry in Vietnam to
scientists in the mining industry concentrate on research to provide solutions to ensure safety and
efficiency in deep mining.

Keywords: Deep coal mining, problems in coal mining, challenges of coal mining,
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Estimating the Radial Displacement on the Tunnel boundary within
EfficientWorking Area of Rock Tunnelling Quality Index (Q-system)
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'Hanoi University of Mining and Geology
2Norwegian University of Science and Technology

ABSTRACT

Rock Tunnelling Quality Index (Q-system) was developed based on the great numbers of practical cases in
tunnelling. On one hand, Q-system illustrated the instruction for supporting by bolts and shotcrete during
excavations. Although these instructions in this empirical method obtained from results of constructed tunnel before,
the stability of tunnel that supported following instructions of Q-system has not quantified and clarified in literature.
On the other hand, the plenty of research pointed out that only a part of Q-system worked most efficiently, the other
parts demanded to aid some supplement methods to determine the appropriate rock support parameters. In this paper,
twenty eight research cases with supported tunnels within efficient area of Q-system was surveyed by using RS2
software (Rocscience). The performance research about tunnel stability was estimated by the Radial Displacement
(RD) at some vital points on the tunnel boundary that facilitated designer and constructor to predict tunnel stability
after supporting. The analysis results also showed the RD at the top of crown and the middle of road were greater
times than top of wall.

Keywords: Rock Tunnelling Quality Index; Tunnelling; Rock support; Stability; Radial Displacement.

Introduction

The classification of Rock Tunnelling Index (Q-system) developed by Barton et al. (1974) is a useful
tool for estimating rock mass quality and required support in tunnel and rock caverns. Over the last 10 -15
years, a great number of papers have been issued to expand the application of Q-system. It is undeniable
the benefit of Q - system but it has still existed the restriction as other rock mass classification systems.
Plamstrom et al. (2002) pointed out the limitation of Q-system that there was an efficient working area on
the whole Q-system varied from 0.1 to 40 in Q value, corresponding to the (Span or Height)/ESR ratio
changed from 2.5 to 35. This range represents by the highlighted rectangular area plotted at the centre of
Figure 1. Limitation of Q-system for rock support. Outside this area supplementary
methods/evaluations/calculations should be applied (reproduced from Palmstrom and Broch, 2006)

(Arild Palmstrom, Einar Broch, 2006).

On the other hands, the stability of supported tunnels estimated on the basis of Q-system, especially in
the efficient working area of Q-system mentioned above, has not been considered adequately. (N. Barton,
1981) conducted a back-calculate method to estimate the average deformation modulus of rock mass
classified by Q-system in large caverns. By using finite element method, the results gave the relationship
between Q value and the average deformation modulus to predict the deformation of tunnels.
Furthermore, the deformations of the arch, wall and the invert of tunnels was determined by the Q/Span
or Q/Height ratio. It was pointed out that the magnitude of deformations will also be governed by the
dimensions of excavations. It should be noted that these results were obtained from well instrumented
underground power stations. Unfortunately, these data did not include the deformation of small tunnels
excavated in rock mass with high Q values.

In the research by Bieniawski Z. T., (1974), the number of in-situ deformation measurements were
analyzed by classified rock mass following Q-system. The modulus of deformation of an in-situ rock
mass was utilized as a useful guide on the basis of Q-system. In other words, the deformation modulus
was chosen according to the relationship with Q value. This modulus is required the numerical research
related the distribution of stress and displacement surrounding tunnels. However, these results just
illustrated the deformations modulus without mentioning the stability of tunnels in efficient working area
of Q-system.

This study aims to estimate the stability of rock mass in efficient working area of Q-system based on
RD of tunnel boundary obtained from numerical model. The performance research would significantly

*Tac gid lién h¢
Email: dongocanh@humg.edu.vn

14



contribute to Q-system application in tunnelling, especially in predicting the stability of tunnel.
Efficient working area of Q-system

Q-system was constituted by the plenty of data that was collected from tunnels in Norway and other
countries before. Based on Q-system, the parameters about rock supports as bolts and shotcrete were
determined by Rock mass quality in terms of Q value and (Span or Height)/ESR ratio (Equivalent
Dimension, De). Palmstrom and Broch (2006) conducted elaborately a survey about Q-system and
showed that actually the Q-system worked best within a certain range of parameters. This range was
illustrated by a rectangle in Figure 1. Limitation of Q-system for rock support. Outside this area
supplementary methods/evaluations/calculations should be applied (reproduced from Palmstrom and
Broch, 2006)

The best working area of Q-system fluctuated between 0.1 and 40 in Q value corresponding to the
(Span or Height)/ESR ratio varied from 2.5 to 35.

If the data was outside this area, it was necessary to use other supplementary calculated methods.
Those methods will enhance the reliability for determining the proper rock supports in tunnelling.

The area where the Q-system works best
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Figure 1. Limitation of Q-system for rock support. Outside this area supplementary
methods/evaluations/calculations should be applied (reproduced from Palmstrom and Broch, 2006)
One of the requirements of rock support has to ensure the stability of tunnel after supported. Although
rock support was framed followed instructions by empirical methods of Q-system, the weakness of Q-
system has not quantified the stability of tunnel. In other words, the RD degree on the tunnel boundary
within efficient working area of Q-system has not taken into account adequately.

To handle this problem, the author conducted a numerical investigation using RS2 software
(Rocscience) to determine the stability of tunnel in terms of radial RD measured at three points on the
tunnel boundary, which are (1) crown of tunnel; (2) top of tunnel wall and (3) tunnel floor(see Figure 3).

Cases study and Model parameters

On the basis of efficient working area of Q-system proposed by Palmstrom and Broch (2006), adopted
cases of rock mass quality and support structure used in this study have been selected on the mutual
boundary between categories as seen in Figure 2.
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Figure 2. Adopted case studies
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Each case in Figure 2 was located by two parameters of Q value and (Span or Height)/ESR ratio.
There were totally 28 numerical calculations conducted in this study. The parameters of all cases are
indicated in Table 1.

Table 1. Parameters of case study

Bolt spacing Bolt length Thickness of

Case Qvalue GSI B/ESR (m) (m) shotcrete (m)
1 0.10 30 25.0 1.3 5.7 0.246
2 0.30 37 35.0 1.4 7.4 0.237
3 1.1.1.0.10 30 1.1.2.10.0 13 1.1.3.3.0 0.147

4 1.1.4.0.30 37 1.1.5. 20.0 14 1.1.6.5.0 1.1.7. 0.150
5 0.55 41 118, 35.0 1.6 7.4 0.168
6 11.9.0.10 30 45 1.3 2.3 0.115
! 1.1.10. 0.40 39 1.1.11.14.0 15 38 0.124
8 1.1.12.1.00 45 1.1.13. 25.0 17 57 0.122
9 1.1.14. 2.00 50 1.1.15. 35.0 18 74 0.122
10 11.16.0.10 30 2.5 1.3 1.7 0.091
11 0.40 39 5.0 15 2.4 0.087
12 1.00 45 10.0 1.7 3.0 0.090
13 3.00 52 20.0 2.0 5.0 0.090
14 6.00 57 35.0 2.7 7.4 0.088
15 0.50 40 2.5 15 1.7 0.052
16 1.00 45 4.0 1.7 2.1 0.049
17 3.50 53 10.0 2.0 3.0 0.052
18 6.00 57 16.0 2.2 4.2 0.050
19 10.00 60 25.0 2.3 5.7 0.055
20 17.00 63 35.0 2.3 7.4 0.066
21 1.00 45 25 1.7 1.7 0.047
22 4.00 54 4.0 1.6 2.1 0.000
23 10.00 60 10.0 2.3 3.0 0.040
24 30.00 67 20.0 2.4 6.5 0.049
25 40.00 69 25.0 2.5 5.7 0.040
26 10.00 60 5.0 2.0 2.4 0.000
27 40.00 69 19.0 2.5 4.8 0.000
28 40.00 69 9.5 2.5 2.9 0.000

In reality, tunnelling is a complicate three-dimensional (3D) issue depending on the advancing process
of the tunnel face. However, the tunnel considered in this study has the length which is much larger than
the dimensions in cross-section of the tunnel. For the sake of simplicity, it could therefore be use two-
dimensional (2D) models instead of 3D models (Do et al, 2014).

The 2D model has dimensions of 160 m in both the height and width. These dimensions of 2D model
were selected through a parametric analysis to eliminate the effect of the boundary condition on the
numerical calculation results.

The surveyed tunnels in this numerical model is D shape with the measurement was respectively
determined for each survey case (see Figure 2) in which the height of tunnel (H) equals the width (B).
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The ESR was set as 1 (categories D) for Power stations, major road and railway tunnel, civil defense
chambers, porta intersections according to suggestions of Barton et al (1974)

1/

Point 1

160 m

= Poini 2 4§

I Point 3
}

I 00 0 A 0 L 04

TITT

B

f 160 m |
Figure 3. Layout of numerical model and monitored points (1), (2) and (3) was determined by the vertical
displacement at point (1), (3) and horizontal displacement at point (2)

The numerical model was discretized and meshed into finite elements. The elements in model was
formed as triangles with 6 nodes. Since the model size was enough large to eliminate the effect of model
size on the stress and displacement in the rock mass surrounding the tunnel. The external boundary of the
model was restricted by x and y directions respectively (see Figure 3)

The simulated initial tress in rock mass was taken into consideration the effect of gravity on the model.
The parameters of gravity include the vertical stress based on unit weight of rock mass above the model
(v), depth of tunnel (H) and lateral earth pressure (Ko). In this study, it was assumed that the depth of
tunnel is 100 m, rock's unit weight (y) equals 0.026 MN/m?® and lateral earth pressure (Ko) was set as 0.5
for whole cases.

Evaluation of rock mass and rock support parameters

The constitutive model using Hoek-Brown failure criterion has been adopted for the rock mass
surrounding tunnel (Hoek et all, 2002). The deformation modulus of intact rock E; was evaluated as
follows (Hoek and Diederichs, 2006)

E; = MR. g, @

Where: MR - Modulus ratio, MR = 500; o¢i - Uniaxial compressive strength, o = 50 MPa.

The deformation modulus of rock mass (Erm) was calculated on the basis of the following relationship:

1-D/2
Em = E;| 0.02 + 1+ ell60+15D—GS0/11)

)
Where: D - Disturbance factor, assumed D = 0; GSI - Geological Strength Index

The reduced value of material constant (m,) was calculated based on the Hoek - Brown failure
criterion (Hoek et all, 2002).

G5I — 100
Mp = M- &XP (23 — 141::) (©))

Where: m; - Material constant.
For each case in Figure 2just has produced Q value. Consequently, Q value and Rock Mass Rating
(RMR) value of rock mass was transferred by the relationship (Bieniawski Z. , 1989)

In addition, the relationship between Q value and RMR value was determined by a logarithmic
function as following (Barton N. , 2002)

RMR = 151log @ + 50 ®)
Therefore, GSI value can be calculated as:
GSI = 151logQ + 45 (6)

Bolts and shotcrete were used as rock support for tunnels applied Q-system. The parameters of rock
support in Q-system include bolt spacing, bolt length, thickness of shotcrete. These parameters were
determined according to cases study in Figure 2. Moreover, the other parameters of bolts and shotcrete
used in models were illustrated in

17



Table 2.

Table 2. Rock support Parameters
Properties Unit Value
Fully Bonded Bolts
Bolt Diameter mm 20
Bolt Modulus (E) MPa 200000
Tensile Capacity MN 0.5
Residual Tensile Capacity MN 0.5
Pre-Tensioning Force MN 60
Shotcrete
Young's Modulus MPa 45000
Poisson's Ratio - 0.25

Results and discussion

After simulating 28 cases study, the RD on the boundary at 3 points as (1) top of crown; (2) top of wall
and (3) middle of road by using RS2 software (Rocscience) was illustrated in Figure 4..
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Figure 4.Vertical displacement at Point 1

Figure 5. Vertical displacement at Point 3

Horizontal Displacement at Point 2 (cm)
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Figure 6. Horizontal Displacement at Point 2

The results about RD at points (1), (2) and (3) in the efficient working area of Q-system presented that
the RD degree had a descending trend gradually when Q value is ascending and (Span or Height)/ESR

18

4s3 10 w uj yibuej yog

3



ratio is decreasing simultaneously. In other words, the supported tunnels by bolts and shotcrete following
suggestions of Q-system is more stability when rock mass quality increase and span of tunnels decrease.
Figure 4 showed that the RD (vertical displacement) at point 1 when Q value is 0.1 and B/ESR is 25,
equals 4.4 cm whereas if Q value is 0.3 and B/ESR is 20, the RD drops to 3 cm.

The results in Figure 5 pointed out the RD at point 3 has a greater value than other points many times.
When the Q value was 0.3 and (Span or Height)/ESR ratio was 20, the RD at point 3 (the middle of road)
was 7.2 cm, whereas the RD at point 1 and 2 were 3.0 cm and 1.4 cm respectively.

Figure 7 illustrated the effect of Q/De ratio on RD induced at Point 1, Point 2 and Point 3 on the
tunnel boundary. Generally, there was a downward trend in the RD at three different points when the
Q/De ratio increased following exponential function. The dependency of RD in 28 cases for each point on
Q/De ratio was formed in exponential curves in Figure 7. Obviously, the dependency degree of RD at
Point 3 had a substantial higher in comparison with RD at other points.
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Figure 7. Radial displacement at Point 1, Point 2 and Point 3
It could be demonstrated that the road of tunnel was not support by any structure, so the rock mass
could move into tunnel space freely without any restriction. Whereas, at Point 1 and 2, the rock mass also
had the radial movement, but the displacement magnitude is smaller than at Point 3 owing to the support
of the number of bolts and shotcrete layer on tunnel boundary.

Conclusions

In this literature, the number of numerical investigates has been conducted to estimate the RDon the
Tunnel boundary within working efficient area of Rock Tunnelling Quality Index (Q-system). Some
conclusions could be derived from the performance study as follows:

- It is undeniable that Q-system exists an efficient working area that has more reliable due to the large
number of practical measurements. Beyond this area of Q-system, it demands a lot of supplemental
methods to estimate the proper rock supports in designing rock supports for tunnelling.

- The RD at Point 3 is always greater than the RD at other points in mutual conditions. In other words,
the magnitude RD at Point 2, Point 1 and Point 3 are in ascending order.

- The RD at Point 3 depends significantly on the Q/De ratio compared dependency degree of RD at
others points.
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JARIHSCENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién ciru dé xuat tiéu chuan kiém dinh két cau chong linh hoat
bang thép ap dung trong cac mé ham 10 vung than Quang Ninh
Khiéu Thi Ha'*, Pao Viét Doan?

1Céng ty Co phan Tuw van va Pau t Xdy dung Ha tang Viét Nam
2Truong Pai hoc Mg - Dja chat

TOM TAT

Hién nay, két cau chéng giir cho cac duong 10 ving than Quang Ninh chu yéu sir dung loai hinh két
cau chéng linh hoat bang thép hinh vom bang thép chit U hodc SVP. Trong thuc té cac két cau chong sau
mot thoi gian sir dung da bi vénh van, pha hiy, bién dang, nut, v dau cot khong da kha ning chiu luc ma
khong biét 1a do nguyén nhan két ciu chdng kém chat lwong hay do ap luc khdi dit d4 16n. Thuong la cac
mé ham 10 nhap két ciu chdng hoic thép vé sau d6 gia cong hodc dua ludn vao sir dung tai cac duong 10
ma khéng théng qua cac khau kiém dinh v& céc chi tiéu co hoc ciing nhu thanh phan hop chit, kha ning
chiu lyc cua thép do vay khong thé kiém soat dugc chit lwong dau vao cua két cdu chdng thép trudc khi
sir dung. Mat khac hién nay nganh than ciing chua c6 tiéu chuan nganh vé tiéu chuan kiém dinh két ciu
chéng néi chung va két cdu chdng thép hinh vom néi riéng. Bai viét phan tich diéu kién lam viéc va cac
dang phé huy cua két cau chéng thép trong cac mé than ham 16 viing Quang Ninh, gisi thigu mo hinh
kiém dinh két cau chong thep va trén co so tham khao céc tiéu chuan kiém dinh vi chong thép cua Trung
Quéc va dic diém su dung vi chéng thép linh hoat hinh vom vung Quang Ninh d¢& xuat tiéu chuan kiém
dinh loai hinh két ciu chng thép linh hoat kich thudc hinh vom bang thép U hoiac SVP ap dung cho cac
mo than ham 10 viing Quang Ninh.

Tir khéa: Vi chéng linh hoat bang thép, tiéu chuan kiém dinh, mé hinh kiém dinh

1. Pit véan dé

Hién nay két ciu chéng bang vi thép duoc sir dung phé bién nhat tai cac mo than ham 16 viing Quang
Ninh, véi ty 1& chiém khoang 90% tdng khéi lwong céc loai hinh vi chdng 4p dung tai vang than Quang
Ninh. Trong d6 loai vi thép duoc sir dung phd bién Ia vi thép linh hoat long méng SVP hoic thép chir U
cho cac duong 10 ¢6 hinh dang tiét dién ngang hinh vom, véi sé hiéu loai thép 17, 22, 25, 27, 29...wv ¢6
ciu tao bai 1 xa va 2 cot, lién két giita xa va cot voi nhau bang géng khop ma sat hay khép truot. Tai mot
s6 duong 10 sau khi chdng gitr cac vi thép da bi pha huy bién dang ¢ cdc mirc do khac nhau, c6 rét nhiéu
nguyén nhan dan dén két cau chdng bi pha huy nhung mét trong nhitng nguyén nhan d6 1a chua thong
qua tién hanh kiém dinh trudc khi dua vao sir dung. Bai viét phan tich diéu kién 1am viéc va cac dang pha
hay két cau chong linh hoat bang thép hinh vom, cac mé hinh, tiéu chuin kiém dinh két ciu chong linh
hoat caa Trung Qudc trén co s¢ d6 dé xuat mo hinh va tiéu chuan kiém dinh két cau chong linh hoat bang
thép ép dung trong cac mo than ham 16 ving Quang Ninh.

2. Piéu kién lam viéc va cac dang pha hidy vi chéng thép hinh vom tai cac mé vung Quang Ninh

Céac vi chong thep trong cac mo than ham Io vung Quang Ninh Iam viéc trong céac diéu kién sau:

- Mbi truong ¢6 nudc xam thyc: nudc ngam c6 tinh axit cao nong do pH = 2,2+3,6 ham lugng ion
sunfat, can lo lirng cao 1am cho vi thép bi xam thyc nhanh dan dén giam tudi tho va kha ning chiu luc;

- Ham lugng cac chat khi: Trong céc via than va da c6 chira cac loai khi thién nhién cha yéu dic trung
cho qué trinh tram tich va bién chat than d6 1a khi Metan (CHg), Hydro (Hz), Cacbonic (CO3), Nito (N2).
Ngoai ra con xuat hién khi Oxit Cacbon (CO), khi Métan (CH,), ham luong khi métan c6 quy luat ting
dan theo chiéu sau, Khi Hydré (Hz), khi Hydro phan bd khong ddng déu gitra cac via va khong ¢ quy
luat rd rang, khi Cachonic (CO>): c¢6 xu huéng giam dan theo chiéu sau, Khi Nito (N2) 12 loai khi rat pho
bién, ching chiém ty I¢ I6n trong thanh phan hdn hop khi than. Cac chat khi nay ciing anh huong dén
diéu kién lam viéc cua vi thép;

- P9 am ciia khong khi: Theo mot s tai liéu khao sat thi do am ciia khong khi & cac mo vang Quang
Ninh vao khoang 85+90% (10 céi van tai, 10 cho), cao nhit 1a 95+100% & 10 thoét gid va cac 1o cut hodc
10 ¢6 diéu kien thong gié kém. Véi diéu kién do am khong khi cao nhu vay céc vi thép bi 6 xi hoa rat
nhanh lam giam tudi tho va kha niang chiu lyc cua két cau chong;

*Tac gid lién h¢
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- it d4 phan 16p khong dong nhét c6 thé ndm da dang: Khoi d4 khong dong nhét, c6 thé nam khéc
nhau nhu ndm ngang, nam nghiéng, thang dung nhu vay két cau chdng s& chiu tai trong léch gay ra cac
pha hay cuc bo trén chu vi két ciu chong;

- Tubi tho duong 10: tudi tho cua duong 10 tuy thuoc yao Muc dich st dqu cua duong 10 ¢6 thé tur
3+20 ndm, nhu vy nhitng duong 10 c6 thoi gian ton tai ngan, ket cau thép c6 theé dugc st dung di st dung
lai vai lan, trong qué trinh sir dung da bi 6 xi hoa, xam thuc do d6 sé bi giam kha nang chiu lyc sau khi st
dung lai;

- Muc do tiép xdc véi dat da bién: _phuong phap dao pha v& dat da chu yéu sir dung phuong phap
khoan nd min, bién dao khong tron nhan, hé s6 thua tiét dien 1on 1am anh huorng dén viéc tiép xtc truc
tiép cua vi chdng vai khdi da bién, trén chu vi két ciu chéng c6 chd tiép xuc véi khdi da thong qua tam
chén cé chd khong tiép xdc voi khéi d4 lam cho khung chdng chiu luc khong déu gy ra bién dang pha
hity cuc bo két ciu chdng khi ap luc 1on;

- Thi cong lap dung khung chéng: Nhiéu céc khung chéng thi cong lap dit khong dang tiéu chuan nhu
luc xict bu 16ng, khoang cach 16ng gitta dau xa véi dau cot lam cho lam han ché mirc do lan cua vi chong
khi ap luc tac dung I&n vi chong Ion dan dén phé hay tai vi tri lién két gong giira dau cot va dau xa;

- Ché tao kiém dinh trudc khi dua vao su dung: hau hét cac loai vi chong thép trude khi dua vao sur
dung chi kiém tra bang mat thuong va do kich thudc, khong thdng qua cac kiém dinh vé cuong do ciing
nhu cac thanh phan hoa hoc trong thép dé xem c6 dat tiéu chuan trude khi dua vao st dung khéng;

- Anh huong cua phuong phap pha v dat da: str dung phuong phap khoan nd min phéa v dat da lam
anh huong dén cac vi chdng gan guong c6 thé lam cac vi chdng bi x6 léch nghiém trong hon bi vénh van
lam anh huong dén kha nang chiu lyc cua két ciu chdng, ngoai ra khi sir dung phuong phép khoan nd min
dé gay ra thira tiét dién, bién duong 10 16i 16m ray ra hién tuong réng néc sau khung vi chong, 1am pha
hity khdi d4 xung quanh duong 10 gay tai trong tac dung 1én khung chéng;

- Chén sau vi chéng: phia sau cac vi chdng thudng st dung cac tim cheén bé téng cdt thép va gd, ap luc
dat d4 truyén lyc cho tim chén sau ¢6 mai truyén cho khung vi chéng.

Mot s6 dang pha huy vi thép ving than Quang Ninh thé hién trén hinh 1 & cac dang nhu: xodn voé dd,
v& dau cot, cong vénh, nit doc vi chng, vo miéng dau cot dau xa vi chdng,tudt gong ndi xa va cot,
nguyén nhan c6 thé do &p luc dat da xung quanh 16n ciing c6 thé do chat liéu cua két cau kém chat lugng.

]
e

Hinh 1. Mgt s6 pha hiy dién hinh vi thép trong cdc dirong 10 viing Quang Ninh

Trén day 1a nhirng diéu kién 1am viéc ciing nhu cac dang pha huy cua két ciu chdng bang thép vang
Quang Ninh trén co s¢ diéu kién 1am viéc ciing nhu pha hiy nay can di xdy dung mo hinh ciing nhu dwa
ra quy trinh kiém dinh két cdu chong thép true khi dua vao sir dung cho pht hop diéu kién ving than
Quang Ninh.

3. M6 hinh kiém dinh chiu luc vi chéng thép hinh vom

M@ hinh kiém dinh vi chdng thép gom md hinh kiém dinh toan b vi chdng va md hinh kiém dinh lién
két gong. Trén hinh 2 (Vién Khoa hoc cong nghé mo, 2015) thé hién mot dang mé hinh kiém dinh vi
chéng thép hinh vom linh hoat kich thudc, dudi tac dung cua &p lec thing dung va &p luc hong tao ra boi
hé théng kich thay lec. T4t ca gi4 tri dich chuyén va d6 16n cua ngoai luc déu duoc ghi laibang cac bo
cam bién dat & khép ma sat, chan vi chéng va dudi diém dat lyc.

Sy dich chuyén trugt chdng Ién nhau gitra hai dau xa va cot duoc kiém soat bai cac khop ma sat, luc
ma sat nay chdng lai sy dich chuyén tuong d6i giita xa va cot. Khi do linh hoat caa vi chéng hét gii han
vi chéng tré thanh két cdu chdng cing ta s& biét duoc gié tri luc tac dung tai cac vi tri kich. Tiép tuc ting
lyc kich day cua kich s& biét dugc gia tri luc kich day khi vi chdng bi bién dang. Dé kiém dinh vi chéng,
céc kich thuy luc tai cac diém gia tai can cr gia tri gia tai du kién dé gia tai. Trong qua trinh thir nghiém,
lién tuc gia tai theo da dinh, mirc do gia tai khong ché trong khoang 10+2 kN/phdit.
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Hinh 2. M8 hinh kiém dinh chiu luc vi chong 1,2, 3 - Cam bién lyc; 4- He thong do
thép loai dirng va nam ngang dac trung tam, 5- Camera toc dé cao

Hinh 3. M6 hinh kiém dinh truot lién
két gong giza xa va cot

Trén hinh 3 (Vién Khoa hoc cdng nghé mo, 2015) thé hién md hinh kiém dinh truot lién két gong gitra
x& va cot. Mau thir nghiém 1a 2 doan thép SVP dai 80+100cm long vao nhau, doan ghép ndi dai 40 cm va
Iip gong kep theo yéu cau kiém dinh. Phuong phéap thu nghiém 1a dua mau thir nghiém dat 1&n may nén,
hai ddu ciia mau thir nghiém dat trén tim dém thép, dudi tac dung cua luc nen doc truc tién hanh kiém
dinh khép ma sét thong qua gia tri luc nén va mic do dich chuyén truot cia mau. Khi kiém dinh, tc do
gia tai cham, toc d6 1on nhat khdng qua 1 kNJs.
4, P& xuat quy trinh tiéu chuan tham dinh két cau chdng thép cho cac mé viing Quang Ninh

Hién nay, nudc ta van chua xay dung duoc tiéu chuan kiém dinh cac loai vi chong trudc khi dua vao
sir dung, do vay tac gia dé xuit tham khao sir dung cac tiéu chuin di ban hanh cua Trung Qudc c6 xem
xét dén diéu kién dia chit, ki thuat vang than Quang Ninh.

Trén co s& CAC tiéu chuan ndy cling vai phan tich diéu kién 1am viéc va cac dang phé hiy caa vi chéng
thép tai cac moé ham 16 viing Quang Ninh, tham khao cac tiéu chuan cia Trung Qudc dé xuat tiéu chuan
kiém dinh vi chéng linh hoat thép hinh vom sir dung chdng gii cac duong 16 bao gdm céc ndi dung sau:

4.1. Dinh nghia va thudt ngir

- Kha nang mang tai dinh mac: La kha nang chiu duoc tai trong tac dong 1&n vi chéng & trang thai
ctng tai thoi diém vi chdng bi bién dang trén mic cho phép (tinh theo trang thai bién dang) hoic tng suat
trong vi chdng Ién hon tng suat cho phép (tinh theo trang thai bén). Ky hiéu, Pam (KN/VI).

- Kha ning mang tai ban dau: La kha niang chiu duoc tai trong tac dong Ién vi chdng tai thoi diém xay
ra hién tugng truot dau tién ¢ khop ma sat. Ky higu Pua (KN/VI).

- Kha ning mang tai khi lam viéc: La kha ning chiu dwoc tai trong tac dong Ién vi chéng khi vi chong
& trang thai 1am Viec (Poa< P< Pam). Ky hicu Py (KN/VI).

- Khép ma sét: La chi tiét lién két va khoé chat 2 doan vi chéng, sao cho khi lyc tac dung (luc doc) I6n
hon lyc ma sat, hai doan vi chéng c6 thé dich chuyén truot 16ng vao nhau.

- D6 linh hoat cta khép ma sat: Po dich chuyén tuong ddi cho phép tai méi lién két giita cac ciu kién
thép hinh vi chong.

Al=1;- 1 @

- Hé sb kha niang mang tai: LA ty sb giita kha ning mang tai ban dau va kha niang mang tai dinh murc
cua vi chéng.

k = Pbd /Pdm (2)

- Gia tai dy kién: La gia tri tai trong du kién tac dong 1én vi chdng thép SVP bang céc kich thay lyc tai
cac diém bo tri gia tai trude khi cong tac kiém dinh bét dau.

- Dién tich sir dung vi chdng S, m2: La dign tich mép trong cua vi chdng ¢ trang thai truge khi 1an.

- Chiéu cao vi chdng: Ky hiéu H, Chiéu rong vi chdng: Ky hiéu B.

- Gong kep: La bo phan chinh trong khép ma sat, ¢ tc dung lién két va khod chit 2 doan vi chéng
trong vi chdng thép hinh vom linh hoat.

- MAu thir nghigm gong: La két cAu thir nghiém dang thang, sau khi lap ghép 2 doan thép SVP béng
gong kep, tim dém va dai ¢, dudi tac dung cua co cAu tao ap luc dinh huéng cé thé thuc hién su dich
chuyén tuong ddi.

- Kha ning mang tai cua khép ma sat: La luc ma sat chng lai sy sinh ra su dich chuyén twong déi cua
2 doan thép hinh SVP duéi tac dong ngoai luc.

- Kha nang mang tai I6n nhat cia gong kep: Khi gong kep ¢ trang thai nhat dinh cua luc siét dai dc,
mau thir nghiém c6 duoc kha nang mang tai Ion nhat.

- Kha ning mang tai nho nhat ciia gong kep: Khi gong kep & trang thai nhat dinh cua luc siét dai dc,
mau thir nghiém c6 dugc kha niang mang tai nho nhét.

- Khd ndng mang tai trung binh ctia gong kep: Khi gong kep ¢ trang thai nhat dinh cua luc siét dai dc,
mau thir nghiém c6 dugc kha ning mang tai on dinh.
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- Chiéu dai ban dau khop ma sat: La phan 15ng vao nhau giita hai doan vi chdng (tai khép ma sat) ¢
thoi diém trude khi vi chdng chiu tai. Ky hiéu l,.
- Chiéu dai khép ma sét ¢ trang thai cang: La phan 1ong vao nhau giita hai doan vi chdng ¢ khop ma
sat khi vi chéng ¢ trang théi cing. Ky hiéu ;.
- ¢ linh hoat ctia khép ma sat: Do dich chuyén tuong ddi cho phép tai méi lién két gitra cac cau kién
thép hinh vi chéng.
Al=l—1o 3)

4.2. Thiét bj va dung cu kiém dinh (Vién Khoa hec Cong nghé Mé - Vinacomin. 2015)

- Khuén mau: D6 cong cua xa va cot duoc do va kiém tra bang cac khuén mau.
- Thiét bi kiém dinh kha niang mang tai cia vi chéng

+ Sir dung thiét bi kiém dinh hinh tron, dat nim trén mat dat dé kiém dinh kha ning mang tai cua vi
chéng thép hinh vom.

+ Thiét bi kiém dinh st dung kich thay luc, bé tri tai cac diém gia tai. Mdi kich thuy lec c6 kha ning
gia tai khéng nho hon 150 kN.
- Thiét bi kiém dinh kha ning mang tai cua khop ma sat: Sir dung thiét bi kiém dinh kiéu dung, ap luc
dinh muc khéng nho hon 150 kN, hanh trinh khéng nho hon 350 mm, va c6 thé tu dong vé duong dic
tinh kha nang mang tai va d6 dich chuyén truot cua mau thir nghiém. Sai léch doc sb ciia may nén khong
qua 1%.
- Thuéc thang, thudc cudn: Dé do chiéu dai ban dau cua khop ma sét, chiéu dai khop ma sat o trang théi
cting, d6 linh hoat cua khop ma séat.
- Ap lyc ké, lyc ké: Dung dé do luc tir may nén, luc doc trong bu 16ng gong.
- Cam bién bién dang hoic may thuy chuan: Sir dung dé do d6 véng, chuyén vi cia khép ma sat. Cac
dung cu c¢6 d6 chinh xac tgi 0,1 mm. Can chon tinh ning ki thuat cua thiét bi phu hop véi gié tri do do
vong, chuyén vi can do.
4.3. Ldy mdu kiém d@inh (Vién khoa hec cong nghé mé, 2015)

Str dung phwong phap 14y mau ngau nhién dbi véi kiém dinh xut xuéng va kiém dinh két cdu. Ca 500
b6 gong kep phan thanh 1 16, nhiéu hon 100 bé hoic it hon 500 bé thi phan thanh 1 16 riéng.

- Kiém dinh xuat xuéng can ldy mau kiém nghiém ngau nhién 6 bo/1 16 san pham.

- Kiém dinh két cau can ldy mau kiém nghiém ngau nhién 3 bo/ 1 16 san pham.

- Chon 2 doan thép SVP thing, dai 800 mm/doan ghép lai v6i nhau, doan ghép ndi dai 400 mm va lap
dat khop ma sat theo yéu cau.
4.4. C&c hgng muc can tién hanh kiém dinh

Dua vao phan tich diéu kién lam viéc va cac dang pha hity cia vi chéng thép hinh vom tai cac mé ham
10 viing Quang Ninh d& xuét cac hang muc tién hanh kiém tra theo bang 1.

Bang 1. Cac hang muc can tién hanh kiém dinh

T Hang muc kiém tra N6i dung kiém tra

Kich thude hinh dang bén ngoai cia thép; tinh ning co hoc va thanh

1 Nguyén vat liéu phan héa hoc
Cét ché tao thé Do vudng gc gitra duong tam theo truc doc ciia mét cat dau xa, cot;
2 hinh P sai I&ch kich thudce, do cong vénh; tinh trang vét nirt vi tri dau cat xa va

cot

Véu ciu cén ché | Sai léch giiia ban mau xa va cot; tinh trang vét mit doan dau xa va cot; chiéu
3 ta0 dai doan duong thang va doan duong cong cia xa, cot; lwong ma miéng
: ranh cua xa, cot.

4 Gong Céc linh kién c6 tinh I4p 1an; d6 cing cua gong

Yéu cau chiu tai | Thir nghiém kha ning chiu tai caa vi chdng; thir nghiém dich chuyén

5| v dich chuyén truot | truot gitra cot va xa chéng
, , Tong do cao va chiéu rong sau khi lap dung vi chdng; do bang phing
6 Lap dung vi chong | sau khi lap dung vi chong; chiéu dai doan gong noi sau khi lap dung vi

chéng.
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4.5. Yéu cdu kyj thugdt ciia xa, cgt chong (Tiéu chuin MT/T 882-2000).

- Poan cong cua xa va cot dung ban miu dé kiém tra, sai s6 kich thuéc thiét ké so véi ban mau khong
I6n hon 0,5mm; khi xa noc véi ban mau khép hai dau thi do sai léch xa ndc va ban mau khong I16n hon
6mm, khi xa néc va ban miu khop nhau thi sai léch gitta hai dau va ban mau déu khdng I6n hon 4mm;
khi cot chdng doan thang véi ban mau khép nhau thi sai léch giita ¢au dwong cong va ban mau khéng 16n
hon Smm;

- Tinh ning co hoc va thanh phan hda hoc cua thép hinh phai phd hop véi tiéu chuan muc 5.1.2 cua
tiéu chuan GB/T 4697-2008, muc 5.3 tiéu chuan Q/HBKJ 019-2007Trung Québc

- D6 sai léch vé trong lugng, hinh dang bén ngoai, kich thugc thép hinh duwa theo cac quy dinh tiéu
chuin lién quan GB 4697, YB (T) 46, MT 143 cua Trung Qudc hoic cac tiéu chuan cua Viét Nam.

- Sau khi cit thép hinh, mat cat dau thép phai vudng gdc véi duong tam theo chiéu doc truc cua thép,
sai s& d6 léch vudng goc mit cét doan dau khong dugc 16n hon 2mm

- Sau khi cét thép hinh, can lam sach cac ba via, duong vién, 15i 16m, 6 xi héa bam trén thép hinh;

- Sau khi cat thép khong dugc c6 hién twong nirt né & dau mat cat, néu c6 can han hozc mai bang;

- Sau khi cén ché tao thanh hinh xa ndc, cot, doan cong can phai cong tron, doan duong thang cua chan
chéng giao véi doan cong ciia chan chng phai tron déu khong cé hién tugng lugn song;

- Sau khi ché tao xong, hai dau xa, b phan dau duong cong cot chéng khong duoc phép cd vét nut
theo phuong ngang, chiéu dai vét nirt theo phuong doc khong Ién hon 80mm;

- Sau khi ché tao xong xa ndc, cot chdng, chiéu dai doan duong thang hai dau duong cong cua cot va
hai du cua xa néc ddi véi vi chdng 18, 25U hoidc SVP khong I6n hon 120mm, d6i véi vi chong thép 29,
36U khéng I6n hon 80mm.

- Sau khi thanh san phdm, xa cot vi chéng thép 18, 25 U hoidc SVP, sai léch d6 cong 16n nhit toan
chiéu dai khdng 16n hon 3mm; d6i vai xa cot vi chong thép 29, 36U hoic SVP khong 16n hon 4mm;

- Sau khi xa cot vi chdng thanh san pham, luong mé miéng cua mang thép hinh khong vuot qua 4mm.

- Céc linh kién cua gong can gia cong c6 tinh Iip 1an nhau dwoc, ¢ vit can c6 thé Iap vao hai gong ¢
trang thai thang;

- Khi vi chéng thép chir U hoiac SVP c6 dién tich tiét dién S < 10m? dd sai léch chiéu cao cho phép la
+30mm, d6 sai léch chiéu rong cho phép 1a +40mm; khi dién tich tiét dién vi chong S > 10m?, do sai léch
chiéu cao cho phép 1a £40mm, d6 sai léch chiéu rong cho phép la £50mm.

- Sau khi ldp dat vi chdng thép chit U hoac SVP, tai mdi khop ndi vi chéng, do sai léch cho phép vé
chiéu dai hai khép néi 1a £5mm.

- Trong d4 mém, chan cot vi chéng thép chit U hodc SVP bit bugc phai han dé, kich thudc dé phai phu
hop véi yéu cau cua thiét ké.

- Khi dién tich tiét dién vi chng S < 10m? db sai léch cho phép theo mat phang vi chéng 1a +40mm;
khi dién tich tiét dién S > 10m?, d6 léch sai léch cho phép theo mat phing vi chéng 1a +60mm.

- Lyc khéng lam viéc ban dau va lec khang 1am viéc dinh mirc cua vi chdng thép chit U hoac SVP phai
khong nho hon quy dinh trong bang 1 cua tai liéu tiéu chuan MT.T 882-2000 (quy pham Trung Qudc).

- Khi luc khang lam viéc cua vi chbng thép chit U, SVP dat tir 1+1,5 lan luc khang lam viéc dinh muc
thi tng luong dich chuyén truot ciia khp ndi linh hoat kich thudc thép chir U SVP khéng nho hon gié tri
quy dinh trong bang 2 cua tai liéu tiéu chuan MT.T 882-2000 (quy pham Trung Qudc)..

- Khi tong lugng dich chuyén trugt cia khép ndi linh hoat va luc khang 1am viéc cua vi chéng thép chir
U hogc SVP thoa man yéu cau véi bang 2 va bang 3 thi cac cau kién vi chong va gong sé khong xuat hién
cac vét ran nut.

4.6. Trinh tur Kiém dinh vé chiu luc ciia Vi chong (Tiéu chuan MT/T 882-2000).

Bude 1: Pua cot vi chéng vao 6 chan cot trén khung kiém dinh, chan cot phai tiép xdc hoan toan véi
day 6 chan cot. Tién hanh dich chuyén 2 6 chan cot sao cho dam bao chiéu rong thiét ké. Sau d6 xiét chat
dai 8¢ ¢b dinh 6 chan cot trén khung kiém dinh.

Budc 2: Lap dyng hoan thién vi chong, do chiéu rong va chiéu cao vi chdng va cac kich thudc tir 1-6
thé hién trén hinh 4a sau khi ldp dung.

Bude 3: Can cir vao vi tri khép ma sét ciia vi chong bd tri cac diém gia tai nhu trong hinh 4b. Lyc gia
tai du kién ban dau tai mdi diém khong 1on hon 10 kN.

Budc 4: Po chiéu dai ban dau khép ma sat.

Budc 5: Tién hanh gia tai: cAc kich thity luc tai cac diém gia tai thé hién trén hinh 4b. Trong qua trinh
kiém dinh, mirc d¢ gia tai khong ché trong khoang (10+2 kN/pht). Tai trong tAc dung F1 = F2 = Fs = 2F4
= 2Fs =2F¢ = 2F; (trong truong hop dat d4 xung quanh dong nhat); F1 = F, = 2F3 = 2F4 = 2F5 =2Fs = 2F;
(trong trudng hop dat da phan 16p nghiéng tai trong bt déi xung).
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Hinh 5. M& hinh kiém dinh khép ma sét

a- Kiém tra kich thuéc sau lap dung; b- Vi tri cac
diém dat lyc gia tdi
Hinh 4. Cac vj tri kiém tra kich thudc va diém dat
luc

Trong d6, F1+F7 |a c4c lyc tac dong 1én vi chdng tai cac diém gia tai.

Trong qué trinh gia tai, ghi chép kha ning mang tai ban dau, kha niang mang tai dinh muc, chiéu dai
khép ma sat va do linh hoat khép ma sét vao sé theo ddi.

Trong qué trinh gia tai, néu:

- Kha ning mang tai ban dau khong thoa man thi tam ding kiém dinh va diéu chinh lai dai 6c gong
lien két. Khi diéu chinh qué 3 1an ma kha ning mang tai cia vi chong van khong dat yéu cau thi két thic
qua trinh kiém dinh.

- Kha ning mang tai cua vi chdng trong pham vi tir 1+1,5 1an kha ning mang tai dinh mic va do linh
hoat ctia khop ma sat dat gia tri quy dinh & tiéu chuan kiém dinh vi chéng thép U, SVP hinh vom thi ding
kiém dinh, quan sat xem vi chong cé xuat hién vét nit khong.

- Kha ning mang tai cia vi chdng I6n hon kha ning mang tai dinh mirc nhung téng muc dich chuyén
truot cuia khdp ma sat khong thoa man hozc téng mirc dich chuyén truot ciia khép ma sat dat 1,5 1an gia
tri quy dinh nhung kha ning mang tai chua dat duoc kha ning mang tai dinh mirc thi tam ding kiém dinh,
diéu chinh lai dai 6¢ gong roi maéi tiép tuc, nhung sé lan diéu chinh khong qué 3 lan.

4.7. Trinh tw kiém dinh mikc d¢ trupt ciia khép ma sat (GB/T 4697-2008)

Bude 1: Dua mau thir nghiém dt 1én méay nén, hai dau cua mau thir nghiém phai dat trén tam dém thép
Budgc 2: Tién hanh kiém dinh kha nidng mang tai va mirc dich chuyén truot cia mau thir nghiémdudi
tac dung cua ap luc doc truc, thé hién trén hinh5

- Khi kiém dinh, tbc do gia tai phai cham, téc do gia tai 16n nhat khong qua 1 kN/s.

- Trong qué trinh gia tai, lién tuc ghi chép gié tri kha ning mang tai va vi tri dich chuyén, dong thoi vé
dudng dic tinh mdi quan hé gitra kha ning mang tai lam viéc va mic d6 dich chuyén truot.

- M3i loai khép ma sat phai thir nghiém 3 1an, két qua thir nghiém caa mdi lan phai phd hop véi quy
dinh trong tiéu chuan kiém dinh vi chng thép hinh vom.

- Khi 1am kiém dinh Iap lai, phai thay thé dong thoi ca mau thu thép U, SVP va khép ma sat.

- Sir dung dung cu do goc kiém tra cac géc nghiéng.

4.8. Két qud kiém dinh

- Ghi chép sb liéu kiém dinh

+ Chat luong bé ngoai vi chong sau khi lap dung; Tong chiéu cao va chiéu rong vi chong; Chiéu dai
ban dau khép ma sat; Do phang vi chéng; Kha nang mang tai, bién dang, dich chuyén.

+ Chiéu dai ban dau khop ma sat; Chiéu dai khép ma sét ¢ trang thai cing; Do linh hoat cua khép ma
sat; Kha nang mang tai lam viéc nho nhét, 16n nhét va trung binh.

- Panh gia két qua kiém dinh

+ Vi chéng dugc xem 1a dat yéu cau vé kha ning mang tai va kich thuéc néu chung dép tmg duoc tat
ca cac quy dinh néu trong tiéu chuan kiém dinh vi chéng thép U hoic SVP hinh vom linh hoat.

+ Khi tinh ning luc hoc dat tiéu chuén, chat lugng gia cong cé ty 1& dat tiéu chuin 16n hon 85% thi
phéan dinh san pham dat tiéu chuan, nho hon 85% thi phan dinh san pham khong dat tiéu chuan.

- B4o c4o két qua kiém dinh: Bién ban kiém dinh ghi rd cac noi dung: Pon vi san xuat; Ngay san xuat;
Ngay, phuong thic lay mau; Ngay kiém dinh; Két qua so liéu kiém dinh; Trang thai mau thir sau khi
kiém dinh; Chir ky ciia nguoi kiém tra; Ky, dong diu co quan chu quan.

5. Két luan va kién nghi

Kiém dinh két cau chéng 10 trudc khi dua vao sir dung la hét suc can thiét dé kiém soat duoc chat

lwong cua két cau chdng, nganh Cong nghiép than Viét Nam than da trai qua vai thap ky khai thac than
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nhung dén nay van chua ban hanh ra cac tiéu chuin kiém dinh két cdu chdng 16 néi chung va két ciu
chdng linh hoat bang thép hinh vom néi riéng, trén co s& phan tich diéu kién sir dung vi chdng thép linh
hoat hinh vom tai cac moé than Quang Ninh va tham khao céac tiéu chuan kiém dinh vi chéng cua Trung
Qudc bai viét da dé xuat noi dung quy trinh kiém dinh két cau chdng thép linh hoat hinh vom. Ciing qua
day kinh d& nghi cac don vi quan ly ctia nganh than giao cho cac don vi truc thuoc nganh bién soan tiéu
chuan kiém dinh va dau tu xay dung phong kiém dinh chat lugng vi chdng truéce khi dua vao sir dung dé
dam bao an toan chdng giir cac dudng 10 trong diéu kién ngay cang khai thac xubng su.
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ABSTRACT
Research on Certification Standard of the flexible steel tructures
applied in Quang Ninh Coal mines

Thi Ha Khieu'”, Viet Doan Dao?
lviet Nam infrastructure consultant investment and construction
2Hanoi University of Mining and Geology

In a recent period, rock support of roadways in Coal mines in Quang Ninh, Viet Nam has been mainly
used as flexible ribs in form of U steel or SVP steel. In fact, rib structures always exposed twisted shape,
failure, deformation or break at tips after using over long time. These resulted in out of rib capacity that
have been found out the real reasons whether ribs have low quality or earth pressure is high. On the basis,
coal mines in Quang Ninh imported directly ribs then they was outsourced or even was applied promptly
in roadways without auditing processes about mechanical parameters, ingredients as well capacity of
steel. Thus, it could not control the input quality of steel structures before framing in roadways. On the
other hand, the coal sector have not any standard related auditing rib structures in generally, especially
ribs in form of D shape. This paper analyzed both work conditions and failure types of ribs in coal mines
in Quang Ninh as well presented an auditing model of rib structures. Bases on references of auditing
standards of rip structures in China and using flexible ribs in Quang Ninh, authors proposed an auditing
criterion for flexible rib structures in form of U steel or SVP steel that were applied to coal mines in
Quang Ninh.

Keywords: Flexible steel structures, Certification standard , Validation model.
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ERS @ 2 HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
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Jpmsaences o A TAINGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Lua chon cdng ngh¢ thi cong phu hop nang cao téc do dao 10 da
cong ty than Nam Mau - TKV

Ng6 Doédn Hao®* )
Truong Dai hoc M6 - Dia chat

TOM TAT

Trong nhitng nim qua, cong ty Than Nam Mau - TKV da khong ngirmg mé rong dién khai thac va
khai thac xudéng siu nham dap mg nhu ciu ting san luong theo chi truong ctia Tap doan Cong nghiép
Than - Khoang san Viét Nam. Chinh vi vay, sé mét 10 xdy dung co ban va chuan bj khong ngimg ting
1én. Thuc té dao 10 da & cong ty Than Nam MAu néi riéng va ciia Viét nam noéi chung cho thiy téc do
dao 10 1a chua cao; tbc do dao 1o phu thudc rat nhidu vao viée td chirc cong nghé dao 10 phu hop gilta
céc thong s6 hinh hoc ciia dudng 16, diéu kién dia chat noi dudng 10 di qua, phuong thirc pha v& dat da,
thiét bi xtic bdc, van tai, v.v...Tlr nhitng ddnh gia vé thuc trang t6 chirc cong tac dao 1o da & khu vuc
Ubng Bi no6i chung va cong ty Than Nam MAu nodi riéng; trén co s diéu kién dia chét cu thé va trang
thiét bi hién c6 ciia cong ty Than Nam mau chiing t6i da dé xuat dugc cac giai phap td chirc cong nghé
thi cong phu hop dé nang cao tc d6 dao 10 da cho cong ty Than Nam Mau-TKV. Sau khi cong ty Than
Nam Mau tmg dung cac giai phap cong ngh¢é thi cong da dé xuat vao thi cong cac 1o da c6 1 duong
goodng va 2 dudng godng, trong diéu kién dia chat khac nhau tdc do dao 10 da dugc nang cao.

Tir khéa: nang cao toc do dao 10; 16 da c6 1 dudng goong; 10 da co 2 duong godng; cong nghé thi cong
phu hgp; cong ty Than Nam Mau.

1. Téng quan vé cac so dd cong nghé dao 10 dang sir dung & Viét Nam

- Pao 16 bang phwong phap khoan nd min: Khoan 15 min bang cic may khoan cdm tay cua Nga,
Trung Qudc hodc may SIG cua Thuy S¥; trao ddi godng va day goong thi cong; chdng 16 bang khung
thép, chén 16 bang bé tong hodc chéng 10 bang neo. Khoan 15 min bang cic loai may khoan cim tay,
xuc boc thu cong, van tai bang tau dién, chdng giir bang khung thép, chén bang bé tong hoac chéng
bang neo. Khoan 16 min bang cac loai may khoan cam tay, xuc co gi6i bang may xuc gau PPM hoac
may cio vo lién tuc PNB, van tai bang tau dién, chong gilr bang khung thép. Khi khoan 15 khoan bang
xe khoan tu hanh, xtc d4 bang may xuc gau, chong gitr bang khung thép, cai chén bé tong, van tai bang
tau dién ap dung cho 10 2 duong goong. Vi cac so do khoan bang may khoan tay, xtc thu cong ning
sudt dao 16 khong cao. Khi ddo 10 1 duong goong néang suét trung binh 40m/thang. Véi cac duong 1o 1
duong goong, khoan guong bang khoan cam tay, xuc co gi¢i bang may xuc PPM hodc mdy cao 0
PNB, van tai bang tiu dién, chéng gitr bang khung thép téc d6 dao 10 dat 60-80m/thang. Hién nay da s6
cac duong 1o da dang ap dung so ) ndy. Véi cac duong 10 2 dudng goong, khoan guong bang xe
khoan 1 cdn, xtc co gidi bing may xuc giu, van tai bang tiu dién, chong giit bang khung thép tdc do
dao 10 dat 70-80m/thang.

- Pao 16 bang may dao 16: Pao 16 bang may dao 10 AM 50Z cua Ba Lan, van tai bang goong, chéng
giit bang khung thép méi duoc ap. dung tai mot sd du’ong 16 tai mo6 Méng Duong, Pdng Vong, v.v..
May chi dao dugc trong da bot két, sét két. Thuc té thay khong hiéu qua khi duong 10 ngan vi mat
nhiéu thoi gian va cong strc dé thao, lap may khi chuyén dién dao 16. Nhiing guong 16 ¢6 d4 kep véi hé
s6 kién ¢b 16n hon 10 ciing khong hiéu qua vi mét nhiéu thoi gian dua mdy ra vi tri an toan dé nd om
da kep r6i méi dao tro lai. Nhin chung, cac so dd cong nghé dao 10 d4 cua Viét Nam c6 mure d6 co gisi
hoa thip hodc chua dong bo vé thiét bi nén chua tan dung duoc hét kha nang cua thiét bi, khong du ap
suét khi nén dé may khoan lam viéc, mét nhiéu thoi gian trao dbi goong, viéc lap dung khung chdng
con chdm do chu yéu thyc hién bang thu cong, hé $6 st dung 16 min thap va hé so thira tiét dién cao.

2. Thue trang so' dd cong nghé dang ap dung 6 mé Nam MAiu (Phong K§ thuit Nam Miu).

O Nam Mau, cong tic dao 10 nhin chung déu sir dung phuong phap phéa vo dﬂat d4 bang khoan nd
min. Xtc dat da chu yéu bang may xtc, may cao d4, nhung cling c6 nhitng thoi diém thyc hién xtic boc

*Tac gid lién h¢
Email: ngodoanhao@khoaxaydung.edu.vn
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thu cong. Vén }éi béng bang tai, dé}{ goong thu cong két hop voi ddu tiu hodc truc tai. Chong giit
duong 10 chi yéu bang vi thép hoac bang neo két hgp vdi bé tong phun va ludi thép.
- Voi duong 16 chi co 1 duong vén tai la bang tai hay mot duong ray. Loai nay thuong co tiét dién

dao tdi 11m?;

s0 d6 cong nghé dao cac duong 16 loai nay duoc tong hop ¢ bang 1.

- Véi ducng 16 ¢6 2 duong van tai la bang tai va duong goong; hodc hai duong xe. Loai nay thuong
c6 tiet dién dao téi 22m?; so do cong nghé dao cic duong 10 loai nay duge tong hop & bang 2.

Bdng 1. Céng nghé dao cdic dwong 16 c6 tiét dién dao téi 11m?

TT

Tén duong 16
Tiet dién

Phuong phap pha v dat da;
két cau chéng giir

So d6 xic boc, van tai

Lo doc via 4 muc

- Khoan nd min thong thuong;

ba duge xuc tai thu cong va may xudc

+125:f=6 =+ 8; Khoan guong biang may khoan|1lI11H-5 1én goong 3 tin va tiu dién kéo
1 |-S4=10,9m?2 khi ép. ra chan ngdm. Sau d6 toi truc kéo 1én
-Ssg=9,4m?2 - Chong 16 bang vi SVP2. mirc +125 va tiu dién kéo ra mit bang .
Lo doc via 6 muc +|- Khoan n6 min thong thuong, |Pa xGc bang may xtc 1én goong 3 tan,
125: f=6 = 8:; khoan bang khoan khi ép YT-28. |ddy bo ra ga 16 XV +125 tap két; sau dé
2 |S4=10,9m?;S¢s=9,4m?|-Chdng 10 bang vi SVP2. duogc tau dién ra ngoai mat bang +125.
Lo dan XV 6a mic|- Khoan nd min thong thuong, |Cong tac van tai: Thi cong tir
+20 (GD3): f=6+8;khoan bang khoan khi ¢p; IK00+IK 10, d4 dwgce xuc tai bd 1én mang
3 |S4=10,9m%;Ss¢=9,4m?|-Chdng 10 bang vi SVP2. truot, d6 xubng bang tai.
Lo DV6 déa +125 (doan |- Khoan n6 min thong thuodng, | P4 dugc xac bang may xuc 1én goong 3
tr T.a+ T.I) khoan bang khoan khi nén; ) tan tai DV6 da +125 T.[la=T.l, tau dién
4 |f=4=+8:S;=11,0m?, |-Chong 16 bing neo chat déo két| kéo ra ngoai mit bang +125.
-Seg = 9,4 m? hop ludi thép va bé tong phun.
Lo vong dau théng|- Khoan né min thong thuong. |May xic 1111H-5 xtc da 1én goong 3 tan
gio doc via 4 Khoan bang khoan khi nén; hing tai phia sau. Goong dugc day bo tap
5 |-f=4+6:S:=9,4m? |-Chéng 16 vi chdng SV3 thép |két tai ga trao dbi goong va diu tiu kéo
-Ssa= 7,3 M? AKMS -17 godng ra mit bang +125.
Bdng 2. Cong nghé dao cdc duong 16 ¢6 tiét dién dao tiv 1 1m? dén 22m?
TT Tén duong 16 Phuong phap pha vo dat da; So do xuc boc, van tai
Tiét dién Két cAu chdng giit
Lo xuyén via s0 1 muc |- Khoan n0 min thong thuong; | May cao da P-60B xuc chuyén da 1én
1 |-50: f=6=+8; Khoan bang xe khoan BFRK1. |goong 3 tdn m& hong. Goong duge day
S4¢=20,7m?,Ss=17,4m? |- Chéng 16 bang thép SVP-27. |thu cong ra vi tri truc tai & giéng chinh.
Lo XV 6a+ 9 muc +20 |- Khoan né min théng thuong, | Tt IK10-:-1IK35 (DK), da dugc cao da
2 (GP2): f=6=+8; khoap béng k‘hoan YT28. 2JPB-22 cao xyéng mang trugt va rot
S4=15,6m?;Ssq=13m? |- Chong lo bang vi thép SVP22. | vao bang tdi giéng chinh Ién MB +125.
Lo xuyén via -501.A |- Khoan n0 min thong thuong;|Pa dugc may Xuc CZY-60 1én goong 3
-f = 8-:-9; S¢ =20,1m?; | Khoan bing may khoan khi ép; |tin, sau d6 ddu tiu dién Acquy kéo dén
3 |- Ss4=16,6m? -Chbng 10 bang thép SVP-27.  |vi tri db tai.
Ga nhanh c6 tai - Khoan n6 min thong thuong; |May xac XD-0,32 xuc da 1én goong, tau
4 |-f= 8-:-10; S4= 20,9m? |Khoan bang may khoanYT-28; |kéo ra d6 Ién méang cao da va rot xubng

- §=17,2m?

-Chdng 1obang thép AKMS-27.

bing tai giéng chinh 1én mit bang +125.

3. Panh gia hiéu qua cic so dd cong nghé¢ dao 16 da dang duwoc sir dung tai cong ty Than Nam
MAiu.

3.1. Phin nhém so do cong nghé

Dé phan nhom so d6 cong nghé dao 10 & cac duong 10 da 1 va 2 duong goong ching toi dua vao
cac thiét b thi cong va quy udc nhu sau:
- Loai duong 10:
+ Lo 1 duong goong (tiét dién dao toi 11m?);
+ L0 2 duong goong hodc him tram (tiét dién dao tir 11m?2dén 22m?).
- Thiét bi thi cong (khoan, xtc bdc):
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+ Thiét bi khoan: khoan tay (K1), khoan dan 1 can (K2), khoan dan 2 can (K3);

+ Thiét bi xuc boc xuc thii cong (X1) hodc xtic bang may (X2).

- Phuong phap n6é min: N6 min thong thuong (N1), nd min tao bién (N2);

- Thiét bi vén tai: van tai thu cong (V1); kéo godng bang dau tau (V2); van tai lién tuc: mang cio,
bang tai (V3).

- Két cau chong giit: chdng bang khung thép (Cl1); neo, neo két hop bé tong phun (C2).

Trong thyc té, cac duong 10 c6 thé sir dung nhiéu loai hinh két cdu khac nhu vo bé tong lién khdi
song khong nhleu nén chung toi khong tép trung danh gia dua vao phan nhom so dd cong nghé.

Trén co so tong hop cac so dd cong nghé thi cong tai cac dudong 10 da & mo khu vuc Uudng Bi,
Quéng Ninh cho thdy c6 thé phan chia thanh cac so d6 cong nghé sau (Ngd Dodn Hao va nnk, 2005):

(0) So dd cong nghé dao 16 da 1 duong goong, khoan tay, xuc thi cong vao godng, diy goong thi
cong, chdng vi thép, nd min thong thuong;

(1) So d6 dao 10 da 1 dudong goong, khoan tay, xtic thii cong vao godng, ddy godng thu cong, chdng
neo, bé tong phun, nd min thong thuong;

(1”) So dd dao 16 d4 1 duong goong, khoan tay, xuc thu cong vao goong, ddy goong thu cong, chdng
neo, bé tong phun, nd min tao bién;

(2) So d6 dao 16 d4 1 duong goong, khoan tay, xic bang may vao goong, kéo goong bang dau tau,
chbng thép;

(3) So dd dao 16 da 1 dudong godng, khoan tay, xtc bang may vao goong, kéo godong bang dau tau,
chbng neo, bé tong phun, nd min thong thudng;

(3) So dd dao 10 da 1 duong goong, khoan tay, xtic bang may vao goong, kéo goong bang dau tau,
chéng neo, bé tong phun, né min tao bién;

(4) So dd dao 16 d4 2 duong goong hay ga hay ham tram, khoan tay, xuc thu céng vao goong, diy
goong thu cong, chéng vi thép;

(5) So dd dao 16 da 2 duong goong hay ga hay ham tram, khoan tay, xuc thu céng vao goong, diy
goong thu cong, chdng neo, bé tong phun, né min thong thuong;

(5”) So d6 dao 10 da 2 duong goong hay ga hay ham tram, khoan tay, xtic thi cong vao goong, day
goong thu cong, chdng neo, bé tong phun, nd min tao bién;;

(6) So do dao 10 da 2 _duong goong hay ga hay ham tram, khoan gian hay khoan tay, xtic bang may
vao goong, kéo goong bang dau tau, chéng vi thép;

(7) So do dao 16 da 2 duodng goong hay ga hay ham tram, khoan gian hay khoan tay, xtic bang may
vao goong, kéo goong bang dau tau, chéng neo, bé tong phun, nb min thong thuong;

(7°) So dd dao 10 da 2 duong goong hay ga hay ham tram, khoan gian hay khoan tay, xuc bang may
vao goong, kéo goong bang dau tdu, chéng neo, bé tong phun, nd min tao bién.

3.2. Mirc dj co gi6 héa cong tic dao 16 tai Nam Méu qua ning liwe thiét bi

Trén co sé nhitng trang thiét bi trong cong nghé dao cac dudng 16 chudn bi tai Quang Ninh, cac nha
khoa hoc Vién khoa hoc cong nghé moé da danh gia mirc d6 co gidi hoa cua timg khau thiét bi thi cong
(V5 Trong Hung, 2001). Theo d6, mic d6 co gidi hoa duge danh gia qua yéu to: giam lao dong chan
tay, ting cuong lao dong tri 6¢ cta ngudi cong nhan. Qua trinh d6 s& ning cao téc do thi cong, ning
sudt lam viéc, kha ning co gidi hoa cong tac dao 10. Mirc d6 co gidi hoa dugc chia thanh 6 bac sau:

- Bac 0: Céc cong tac trong qué trinh san xuat duoc thuc hién hoan toan bang tay (vi du: xéng, cudc,
V.V..L);

- Bac 1: Qua trinh san xuit do cong nhan thuc hién c6 st dung cong cu lao dong, khong st dung co
cu may;

- Bac 2: Céc qué trinh thao tac bang may v&i bo phan din tién bing tay dé diéu khién va didu chinh
may méc. Cong nhan sir dung sirc lao dong giit may & vi tri 1am viéc va tao 1én ap luc can thiét 1én dbi
tugng lao dong (vi du: khoan bang may khoan cim tay khi nén khong c6 gia, dao d4 bang bua chén,
V.V..L);

- Béc 3: Qua trinh san xuit dugc co gidi hoa thyc hién bang may do cong nhan diéu khién thong qua
sy quan sat lién tuc va diéu khién thuong xuyén hoat dong ctia may (vi du: xtc boc bang may, khoan
b?mg xe khoan, v.v....);

- Béac 4: Cac qua trinh san xuat ban tu dong, thyc hién bﬁng may, co gidi hoa nhiéu dong tac va tu
dong hoa mot sé dong tac (vi du: dao 10 bang may combai);

- Bac 5: Cac qué trinh ty dong hoa, thyc hié€n theo mot chu trinh lién tuc, théng nhét. Ngudi cong
nhan chi gitr trdch nhiém gidm sat chung sy hoat dong, dong mo dong co (vi du: sy hoat dong cua céc
td hop dao 10 dugc diéu khién tir xa hodc tu dong theo chuong trinh).
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Nhin chung, cac thiét bi van tai & Nam Mau con thu cong, cong sut thiét bi van tai va xac bbc chua
cao, thiéu dong b nén chua phat huy hét cong suit. Cac may khoan tay thiéu dong bg, ap luc khi nén &
may khoan nhiéu khi chura ¢am bao ap sut khi khoan.

Trén co s& d0, can clr vao trang thiét bi hién c6 va thyc té thi cong hoan thanh tirmg khau cong viéc
dao 10 tai cong ty Than Nam Mau ma muc do co gidi hoa trong timg khau cong viée & day duoc thé
hién nhu trén bang 3.

Bang 3. Mirc dg co gidi héa cac khdu céng viéc véi thiét bi thi cong tai mé Nam Mau (Ngé Dodn
Hao va nnk, 2016)

TT Khau cong tac - thiét bi Mirc d6 co gidi hoa
BicO | Bacl | Bac2 | Bac3 | Bac4 | Bics
I. Cdng tac khoan (K)
K1 | May khoan dién, khi nén cam X
tay.
K2 | Xe khoan X
K3 | Pao bang combai X
II. Cong tac xuc boc (X)
X1 | Xuc thu cong X
X2 | May xtic c6 gau X
X3 | May xuc cao vo X
I1I. Cong tac van tai (V)
V1 | Goong day tay X
V2 | Goong kéo bang dau tau X
V3 | Méng cao X
IV. Cong tac chong giii (C)
C1 Chéng thi cong X
C2 | Chéng giit c6 mot phan sir dung X
co gidi (neo, bé tong phun)

Tir két qua nhu trén bang 3, c¢6 thé néi mic d6 co gié hoa cac khéu cong viée voi thiét bi thi cong
trong cong tac dao 16 ¢ cong ty Than Nam Mau con khiém ton; day ciing la nguyén nhén chinh l1am cho
toc do dao 10 @ Nam Mau 1a chua cao.

4. D& xuit so dd cong nghé phi hop khi dao 10 da & cong ty Than Nam Miu
4.1. Cic yéu to anh hwéng téi toc dé dao 1o

Trong qué trinh thi cong cong trinh ngdm, c6 thé chia cac yéu td anh huong dén cac toe do dao 1o
thanh ba nhém chinh:

- Nhém yéu td khong thay d6i duoc: didu kién dia chit, dia chét thuy van, dia chét cong trinh, diéu
kién dia co hoc khu vyc thi cong cong trinh.

- Nhém yéu td thiét ké k¥ thuat: cac diéu kién ciu tao cua duong 10 (hinh dang va kich thudc tiét
dién ngang duong 10).

- Nhom yeu cong nghé: cac yeu td to hop. thlet bi trong day chuyén cong ngh¢; cac yéu td vé cong
nghe th1 cong; ho chiéu khoan, nd min; cac yéu té té chirc thi cong; cong tac phu tro trong thi cong; cac
yéu td vé to chirc lao dong.

Chung t6i tap chung nghién ctru nhém céc yéu té thudc nhom yéu té thir 3 1am co so dé xudt cac giai
phap nang cao toc do dao 1o.

4.2. Muc tiéu va nguyén tic dé xudt so do cong nghé dao 1o

*Muc ti€u lya chon va dé xuét so dd cong nghé dao 10:

- Nang cao duoc toc do dao 16 (rat ngin thoi gian chu ky dao 10);

- Nang cao ning suit lao dong cia thg dao 10;

- Giam chi phi gia thanh mét dao 19;

- An toan cho d0i tho dao 1o.

*Nguyén tic dé xuét:

- So dd cong nghé phai phu hop véi diéu kién mo- dia chit cua ting khu vuc, timg mo;

- Tinh kha thi ctia so d6 cong nghé dao 1o trong hoan canh dao 16 hién nay

Qua nghién ctu ly thuyet cling nhu thyc té thi cong thiy rang dé nang cao toc do dao 16, cai thién
chat lugng thi cong c6 thé sir dung nhitng nhém giai phap chu yéu sau:
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- St dung ddng bo thiét bi dao 1o, cong sut 16n cung voi nhiéu loai hinh két cdu chéng gitr méi co
thoi gian lap dung ngin, kha ning giit 6n dinh ving kh6i d4 bao quanh dudong 10 cao va chi phi vat lidu
thap nhat;

- Pua cac tién bd khoa hoc k¥ thuat vao cac khau cong viéc chu ky dao 16 nhu: khoan nd min, xac
bdc, van tai, chéng gilr va t6 chirc san xuit, v.v...

Tir viée danh gia mirc d6 co gidi hoa ting khau thiét bi thi cong ciia so d0 cong nghé dao 16 & cong
ty Than Nam Mau nhu bang 3; trén co sé muc tiéu va nguyén tic dé xuit so d6 cong nghé néu trén; cin
clr vao trang thiét bi hién co va thyc trang cong tac dao 10 & Nam MAu ching t6i da dé xuét so d6 cong
nghé dao 10 cho cong ty Than Nam Mau nhu trén bang 4.

Bang 4. Pé xudt day chuyén céng nghé dao 16 da cho cong ty than Nam Mau
(Ng6 Doén Hao va nnk, 2016).

Loai | Tict | H¢ | Toc do Cac cong doan trong day chuyén cong nghé
duong | dién | sO | can dat Pao pha da X1c boc Chong 108
10| dao | kién | m/thang | Khoan 16 | Mé&y khinén | Quat | Méy xdc | Goong | Loai vi | Budc
(m?) | co min gio chong |chong,m
. SIG
Lol SVP17
\ 7- PLB241K 1PNB-2 | 2T -
dugng 11 <4 120 (TamRock 3UDIIBKCS [CBM 6 (IPPN-5)| 3T - 0,8-0,9
goong 1F/E50)* SVP22
Lo 1 7- TamRock 1PNB-2 | 2T - | Neo +
dudng | ) | >4 80 | yppggs |SUPLIBKCS | CBME| ooy 6| 37 | BTP | -
goong
I&Sdzn >11] <a| 120 |(TaMROCk g iBies [cBm 6| 1PNB2 | a1 |svp27
ong = 1F/E50)* (1PPN-5)
goong 0,65-0,9
Lo2 ’ '
\ (TamRock LBS-
dugng >11| <4 120 1F/E50)* SUDIIBKCS [CBM 6 500W 3T |SVP27
goong
Lo 2 TamRock 1PNB-2 Neo +
dugng >11| >4 85 1F/E50* SUDIIBKCS [CBM 6 (1PPN-5) 3T BTP
goong )
Lo 2 TamRock LBS - Neo +
ggg;lgg >11| >4 85 1F/E50* HNOIIBKC-5 [CBM 6 500W 3T BTP

Chu thich: *hoac dung loai twong duong: TamRockRMJ 1F/E50 (lcan, tiét dién su dung 4-24m?),
TamRock 2F/E50 (1 can, tiét dién sir dung 4-28m?), Rocket Boomer104-1238 (1 can, tiét dién str dung
6-20m?).

5. Két luan

Mic du d3 co nhitng dau tu ting cudng muc do co gidi hoa cac khau trong so d6 cong nghé dao
chéng cac 16 da tai khu vuc cong ty Than Nam MAu va thu duge nhimng thanh céng budc dau, tuy nhién
nhitng két qua do chi tap trung & mot s6 duong 16 va mot sé duong 16 nhit dinh. Sy khéc biét chinh 1a &
chd nhitng duong 16 ¢6 tde do dao 16 cao déu cé cac thiét bi tién tién nhu xe khoan, xtc bang may xuc
két hop v6i van chuyén bang dau tiu; so d6 thi cong phu hop va td chic thi cong hop 1y phat huy t6i da
kha nang cua nguoi lao dong.

Trén co s& nhitng nghién ciru va dé xuét, nhitng két qua dat duoc trong qua trinh bude dau 4p dung

tai mot sd guong 10 c6 thé dén mot sb két ludn sau:

- Nhirng két qua dat dugc trong thoi gian gan day tai mot s6 guong 16 da cho thiy dé nang cao ning
suat, toc do dao 10 bién phap duy nhat 1a khong ngung cai tién nang cao mirc do co gidi cac khau trong
chu trinh dao 10 dic biét 1a cac khau khoan, xtac bdc va van tai. Phai luon chi y t6i viéc dong bo thiét
bi dé phat huy tdi da tinh ning ctia thiét bi.

- Ngoai ra, dé gop phan ha gia thanh thi cong trong khi van dam bao yéu cau sir dung cua cong trinh
can chu trong str dung két cdu chdng méi nhu neo hoic bé tong phun hay neo két hop v6i bé tong phun.
Tuy nhién dé giam thoi gian dua may moc, thiét bi ra vao mdi lan khoan, phun cim neo can c6 thém
nhirng nghién cuu dé dua ra cac cac quy trinh, quy pham cu thé hon.
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Nhing guong 10 ¢ néng sudt va toc do cao déu 1 nhirng guong 10 khong chi ¢é so dd cong nghé
phil hop ma con duge t6 chirc lao dong tdt, co nhitng hinh thirc khuyén khich tinh thin ctia ngudi lao
dong thong qua loi ich vat chat ciia c4 nhan. Viéc chuyén thoi gian tir ca sang kip phil hop véi stic khoe
cua ngudi thog mo Viét Nam ciing nang cao hi¢u qua cua ngudi tho 160. Nguoi tho dugc dao tao theo
huéng da ning c6 thé tham gia tat ca cac khau trong chu ky dao 10 ciing gop phan rat ngin thoi gian
hoan thanh tirmg khau cong viéc.

Trén co s cac két qua nghién ciru, danh gia, tong két cong tac dao 10 chung t6i da dé xuét 6 so dd
cong nghé dao 16 d4 bang phuong phap khoan nd min trén co sé cic trang thiét bi hién c6 tai cong ty
Than Nam Mau.

Déi v6i so d6 cong nghé ddo 16 bang may combai, do c6 nhitng yéu cau nhét dinh dé ap dung ciing
nhu kinh phi dé dau tu thiét bj 1on nén ¢ ddy ching t6i khong dua vao nhém céc so' d6 cong ngh¢ dugc
de xuat.

Bén canh nhiing giai phap vé mat ky thuat, cong nghé, hinh thirc t6 chirc lao dong can cé thém cac
cong trinh nghién ciru, danh gia tiép theo vé mirc do 6n dinh va thoi gian luu khong cia cac duong 1o
trong nhiing diéu kién dia chat cu thé. D6 s& 1a co so dé ting cuong ap dung cac loai hinh két cau
chong moi, thay @i hinh thic t6 chire chu ky dao 10 nham giam bat thoi gian ngimg nghi khong mong
mudn gop phan nang cao ning sut, tbc do dao 16 dé giam gia thanh dao 10.
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Phong K§ thuat cong ty Than Nam Mau-TKV .

ABSTRACT
Selection suitable technology to raise excavated speed of roadways at

Nam Mau coal mine company - TKV
Ngo Doan Hao*
'Ha Noi university of mining and geology.

In recent years, Nam Mau coal mine company - TKV has continuously expanded the mining areas to
provide the demands for increasing production according to the policy of Vietnam Coal and Mineral
Industries Group. Amount of roadways and drifts are increasing, actual excavation of roadways at Nam
Mau coal mine in particularly and in Viet Nam in general excavated speed of roadways is still low.
Excavated speed of roadways depends on many factors such as organization of suitable technology,
dimension of roadways, geological conditions, excavation methods, loading and transportation
equipments, ect...Basing on the assessment the reality excavation organization of roadways in Uong Bi
areas in general and specially at Nam Mau coal mine, in the detail geological conditions and real
equipments of Nam Mau coal mine the solutions of suitable technology organization are recommended to
raise excavated speed. Using recommended solutions for roadways incase of one railway and two
railways in the other geological conditions at Nam Mau coal mine, excavated speed of roadways was
advanced.

Keywords: increasing the speed of drift excavation; the drift in rock with one railroad; the drift in rock
with two railroads; suitabe excavation technology; Nam Mau coal company.
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Nghién ctru anh hudng cua goc nghiéng va chiéu day I6p da
xung quanh thanh gleng dung dén do on dinh cua vo chéng ¢é dinh
bang bé téng lién khoi
Ding Vin Kién'*, Daniel Dias?, B Ngoc Anh?

1Bg mdn XDCTN&Mg, Khoa Xay ding, Trwong Pai hoc M6 - Pia chat
2Dgi hoc Grenoble Alpes, Céng Hoa Phap

TOM TAT

Trong thoi gian qua tai viing mé Quang Ninh rat nhidu cac mo da tién hanh xay dung giéng ding dé
phuc vu cho viéc khai thac khoang san & mirc dudi sau. Cung vai do, hé théng vo chéng cb dinh 1a bé
tong cét thép lién khdi duoc sir dung tai hau hét céc giéng ding cua mo. Véi dic diém dao theo phuong
thang dung gleng dung duge dao qua nhidu I6p dat da khac nhau, do d6 do 6n dinh cua thanh giéng dung
va vo chdng ¢b dinh phu thudc nhidu vao dic tinh cua céac 16p dat da dao qua nhu goc nghiéng, chiéu
day... Tuy nhién két qua nghién ctru dénh gia anh hudng cua cac yéu t6 trén dén do 6n dinh cua thanh
giéng va vo chdng giéng ding hau nhu chua duoc chl y. Bai bao trinh bay cac két qua nghién ciu anh
huong cua dic tinh cua cac 1op dat da giéng dao qua nhu goc nghiéng, chiéu day... dén do 6n dinh cua
thanh giéng va vo chdng cd dinh ca giéng dang trong qua trinh thi cong giéng. Két qua nghién ctu dat
dugc thdng qua viec st dung phuong phap giai tich va phuong phap phan tir hitu han bang phan mem
Abaqus. Cac két qua nghién ctiu s& gop phan dwa ra céc giai phap hop Iy trong thiét ké va thi cong giéng
dung nham han ché anh huong cua cac 16p dat da t6i chdng giéng dung trong qua trinh dao cac giéng c6 do
sau lon.

Tir khoa: Thanh giéng dung; vo giéng dimg; on dinh vo giéng; ap luc dat da

1. D3t vin dé

Hién nay khi tinh toén ap luc dat da Ién thanh giéng dung dé so bo xac dinh chiéu day vé chéng
thuong xem xét cho cac Iép dit d4 nim ngang nhu cac gia thuyét caa N.M. Protodiaconop hoic
P.M.Tximbarevich (Phi Vin Lich, 1971). Tuy nhién trong thuc té dao giéng dimg, dac biét 1a cac giéng
mo dao trong diéu kién dia chit vang Quang Ninh, cac 16p d4 chu yéu nam nghiéng véi két ciu nhu
(Hinh 1),

Lép dit bai thai

Hinh 1. Vi du vé mdt cat doc dia chat tuyén giéng diing mo than Ndi Béo

Vige xét dén sy anh huong cua géc nghiéng cia cac 1op dat dé dén (ing suét trong vo chong ciing da
dugc Tximbarevich dé cap thong qua he s6 anh huong W nhur cong thuc (3).Tuy nhién, viée danh gia anh
huong cua goc déc 1op dat da dén trang thai lam viéc cua vo chdng giéng dung qua mot hé s6 chua phan
anh hét dugc sy anh huong cia goc dbc, chiéu day 16p da dén trang thai 1am viéc cua vo giéng, va chi phu
hop véi mot sé trudng hop nhit dinh. Ly do 1a do hé sé dwoc dua ra trén co sé nghién ctiu thuc nghiém

*Tac gid lién h¢
Email: kienxdn@gmail.com

34



khong ding cho moi truong hop va khong thay duoc su anh huong day du cu cac thong sé nay dén trang
thai caa vo chong gleng ding. Do d6 can tién hanh nghién cuu chi tiét vé su anh huéng cua goc déc,
chiéu day I6p dat da dén trang thai ung suét trong vo giéng thong qua phuong phap so trén co s¢ kiém
chung két qua cua phuong phép giai tich. Két qua khao sat thong so mo hinh s& cho thay nhitng anh husng
10 hon cta cac thong s6 goc ddc, chiéu day 16p dat da dén trang thai 1am viéc cua vo chdng giéng ding.
2. Co sé ly thuyét va phwong phap nghién ciru
2.1. Co sé |y thuyét phwong phdp

Ap lyc dat da thuong dugc tinh theo gia thuyét cia P.M.Tximbarevich (Phi Van Lich, 1971; Nguyén
Vin Dudc, Nguyén Vin Quyén, 1996) khi dé ap luc 1én thanh giéng dwoc tinh nhu ap lyc chu dong lén
tuong chan nhung chi gidi han trong ting 16p dat dao qua.Tai 16p thir i (i=1+n), gi tri 4p luc dugc tinh
toan theo cong thuc (1) va (2).

Lép dat da 1

Lop dat da 2

Lap dat da 3

Lép dat da 4

Lép dat da 5

Hinh 2. So' d6 &p luc ddt dd Ién thanh giéng dung theo P.M.Tximbarevich
) (Phi Van Lich, 1971; Nguyen Van Ducc, Nguyen Van Quyen, 1996)
+ Ap lyc tai vach cua 16p dat da thir i la:

5 007 g o
Bl = (vphy + e by b 4 i) tg? (T ). T fm? (1)
+ Ap lyc tai try cua I6p dat da thi i 1a:
Bl = (4y by 4 ¥p By e 7 By). g7 (228, Tm? )

Trong do: y1,72, Ys...,Yi -trong lugng thé tich ctia lop dat da thir 1,2, T/m;hy, hz, hs...,hi-chidu day cua I6p dt d4
ther 1,201, i - gbc ma sat trong cua |6p dat da thir i; d6
Khi giéng dao qua cic 16p dat da c6 goc nghiéng twong dbi Ion. Trudong hop nay nguoi ta thiy cuong
d6 &p luc theo hudng déc 16n hon theo dudng phuong va khi d6 cuong do &p luc tinh bang cach nhan
thém hé sé diéu chinh W (W= 1,1<1,5) nhu cong thic (3) (Nguyén Vian Pudc, Nguyén Vin Quyén,
1996):
Prax = W.P (KN/m?) A3)

Duéi tac dung cua &p lec ngang phan bb déu P va trong luong ban than cua vo chdng, ngoai ra con c6
anh hudng cua cac cong trinh trén bé mat trong vé chéng xuit hién trang thai wng suit ba chiéu: Ung suét
nén hudng tm o3 (con goi & tng suat hudng kinh);Ung suit tiép tuyén o, (con goi 1a ttng suét vdng theo
chu vi), tac dung vudng géc véi tng suit huéng tdm; Ung suat thiang ding o1 tc dung song song véi truc
giéng (Hinh 3). Pay 1a mot trudng hop cua bai toan Lamé di giai tir nam 1852. Do 16n ciia cac tng suét
trén dugc tinh theo cac cong thac (4) (Changsuo Zhang et al, 2005; M.L. Bucalern, K.J. Bathe, 1997):

Hinh 3. So do phan bé iing sudt: o3 va oz trong Eicho"ng giéng ding (Changsuo Zhang et al, 2005; M.L.
Bucalern, K.J. Bathe, 1997).
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Trong do: p - &p luc ngang phan bé déu; Ry, Rz - Ban kinh trong va ngoai cua vo chéng; x - Khoang
cach tir tam giéng déndiém dang xét cia vo.
2.2. Xay dgng va kiém chirng mé hinh sé
2.2.1. Xay dung md hinh s6 md phong dnh hweng cia chiéu day va goc nghiéng Iép ddt dd dén trang thai
#ng sudt va chuyén vj trong vé chong giéng ding

Dé phan tich rd hon anh huéng cua chiéu day ciing nhu goc dbc cua céc 16p dit da xung quanh thanh
giéng dung dén do 6n dinh cua khéi dét cia vo giéng nhém nghién ciru sir dung phwong phéap sé théng
qua phan mém Abaqus. Két cau caa md hinh sé dwoc xay dung str dung cho nghién ctru chia thanh cac
khdi phan tir md hinh khac nhau gdm 2 phan riéng biét 1a dat da, va bé tong giéng. Khéi hinh hoc dat da
khai béo ¢ dang dic cung. Khdi hinh hoc vo giéng dugc khai béo ¢ phan tir vo tron (Hinh 4). Theo kinh
nghiém, bé rong md hinh 16n gap 5 lan duong kinh giéng dé mé ta chinh x&c ving anh huong. M6 hinh
dat da c6 bé rong tly theo ban kinh va chiéu sau thanh giéng. Khéi dat da mé phong hinh hoc véi chiéu
dai x chiéu rong x chiéu cao 1a 50 x 50 x 35 m. Giéng c6 béan kinh 3m, véi bé day thanh giéng khong doi.

a) Vo chongtaonéntrmd  b) Khdi da xung quanh thanh giéng  c) Lién két giira thanh giéng (dang
hinh vé mong vo) va khéi da xung quanh
Hinh 4. Cdc truong hop nghién ci:u véi goc doc va chiéu day khac nhau
2.2.2. Kiém chizng mé hinh s¢
Két qua md hinh sé duoc so sénh cuing vai két qua phuong phap giai tich tinh theo cac cong thic
(1) + (3). M hinh kiém chiing véi 5 16p dat d4 nam ngang khac nhau c6 dic tinh co 1y duoc thé hién trén
Bang 1. K&t qua gia tri 4p luc 1én thanh giéng dat dwoc bang hai phwong phéap trén thé hién trén Hinh 5.b.
Két qua cho thdy su sai léch gia tri ca hai phuong phép 1a khong 16n do vay md hinh s xay dung c6 do
tin cay co thé sir dung dé khao sét cac thong sé mo hinh.

Bang 1. Ap luc céc I6p ddt da tac dung 1én giéng dirng tinh theo gidi tich

Stt Tén |6p dat da (cao dd) C,*},‘ﬁ“(n‘i"j‘y AP lyc tal véch AP lyc taitry
Py (T/m?) Pt (T/m?)
1 | Dathai (0 +-49,7) 49,7 0,0 34,79
2 | Bot két muc (-49,7 + -55,9) 6,2 28,28 32,65
3 | Bot két muc (-55,9 + -70,3) 14,4 31,28 41,0
4 | Sét két mic (-70,3 + -74,3) 4,0 50,55 52,97
5 | Than muc (-74,3 + -83,3) 9,0 55,16 59,66
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P

A

Chiéu séu giéng (m)

a) Su phan bo tng suat 33 trong dét da b) So sanh gia tri ap lec dat da doc theo chiéu sau giéng
khi chua ¢6 vé chong

Hinh 5. So sanh két qua hai phirong phdp dé kiém chitng md hinh

2.2.3. Cac truong hop nghién cizu

Sau khi d kiém chirng mé hinh, nhom tac gia tién hanh khao sat théng sé md hinh. Bang cach thay doi
chiéu day va géc déc cua I6p dat da theo 3 trudng hop dudi day (Hinh 6). Theo d6 chidu day cua I6p da
dugc thay ddi twong (ng 12 10m; 12m; 14m tng véi goc dbc 16p dat da 1a 15°. Truong hop thi 2 thay dbi
g6c doc cua lép dat da tang dan tir 0°; 10° va 18°. Két qua nghién ctru duoc chi ra trong muc 3 dudi day.

.
%
o
7
Z
s

35000
35000

50000

50000

a) M6 hinh 16p dét daco goc b) M@ hinh 16p dat décé goc c) M6 hinh I16p dét daco goc
nghiéng 150, chiéu day 10m nghiéng 15° chiéu day d4 12m nghiéng 150, chiéu day 14m

Hinh 6. Cdc truong hop nghién cizu véi géc dac va chieu day khac nhau
3. Két qua va thdo luan ,
3.1. Anh hueng cua goc doc phén lop dat da

Dé xem xét anh huong cua goc doc 16p dat da dén két qua bai toan, ta tién khao sét chuyen vi cua khoi
dat da va thanh giéng véi cdc dieém quan sat trong mo hinh cach nhau 4m nhu Hinh 7.a. Két qua cua md
hinh s6 chi ra chuyén vi theo phrong nam ngang nhu Hinh7.b va Bang 2.

0,006

a
g

0,0047964
0,00453

B,
ﬂﬁmzmﬂw \
Y y ——Via 0 dd
/ \ —m-Via 1046
0002 +—

/ \\ Via 18dd
0,001
[

g

A
g

Churyén vi (m)

BErdng md hinh (m)

a)Cac diém quan sat theo phuong ngang b)Gia tri chuyén vi tai 12 diém xét theo phuong ngang

Hinh 7. Gia trj ing sudt ciia cdc diém theo phwong nam ngang giéng
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Bang 2. Gid tri chuyén v; tai cdc diém quan sat cza mod hinh

Bé rong (m) Lép dat dadoc 0° Lép dat da 10° Lép dat da 18°
Chiéu sau (m) 0 0 0
(A)-0 m 0,001828 0,001912 0,002033
(B)-5,0m 0,002951 0,003301 0,003544
(C)-10,0m 0,003587 0,004051 0,004370
(D)-15,0m 0,003990 0,004413 0,004724
(E)-20,0m 0,004200 0,004532 0,004796
(F)-25,0m 0,004196 0,004149 0,004133
Chiéu sau (m) 0,003978 0,003808 0,003701
(A)-0,0m 0,003588 0,003323 0,003134
(B)-5,0m 0,002879 0,002607 0,002378
(C)-10,0m 0,001698 0,001608 0,001376

Qua két qua khao sat mo hinh sb cho thay chuyén vi léch xuét hién tai cac diém trong trong céclép dat
d4a doc. Lop dat da cang déc, thi chuyén vicua 16p bi léch vé mot phia cang nhiéu. O phan I6p da co trong
lwong 16n hon, chuyén vi 16n hon. Va nguoc lai khi l6p dat ¢a nam ngang, thi chuyén vi d6i xang. Khi xét
theo phuong doc truc giéng, gia tri chuyén vi tai cac diém quan sat thay doi theo goc ddc 1p da Hinh 8.

Chuyén vj (m)

—4—\Via 0 do
\ —=—Via 10 do
\3 Via 18 @6

) o
=] =]
S =1
5] @

0,001

)

o 3 10 15 20 23 30

ChiBusiu giéng (m)
a) Cac diém quan sat theo phwong thang ding  b) Gid tri chuyén vi tai 6 diéIp xét theo phuong ngang
Hinh 8. Gi& trj chuyén vj tai 6 diém xét theo phwong thang dung

Két qua cho thay: khi goc nghiéng I6p dat da tang dan thi chuyén vi cua dat ciing ting dan. Va nguoc
lai.Chuyén vi tap trung I6n hon & phan miéng giéng so véi phan day giéng.

3.2.Anh huong cua chiéu day phan 16p da xung quanh thanh giéng

_Twong tu nhu truong hop nghién ctu dnh hudng cia géc doc cua lop da, anh hudng cua chiéu day I6p
dat da dén chuyén vi caa dat da va vo chong giéng dimg dugc dua ra nhu Hinh 9 duéi day.

0,005706566

0,005 1 0,005185
E’. 0,004 — ————————————
: ==z day 10m
;E 0,003 iz day 12m
v y , \ Via day 14m
0,002 /' 1\‘
0,001 / \
1 Iy

o 10 20 30 40 50 (28]

N N N . B§ réng mé hinh (m) N
a) Cac diém quan sat theo phuong thang ding b) Biéu d6 chuyén vi tai 12 diém xét theo phuong
, \ , , . Ngang ‘
Hinh 9. Anh huong cua chiéu day I6p ddden gia tri ing sudt cdc diém theo phuong nam ngang truc
gieng

Tir két qua nay co thé théy rang Chuyén vi trong dat d4 tang dan theo phuong ngang, khi do day lop dat
da thay d6i ting dan. Chuyén vi I6n nhét dat dugc la 0,0057m, khi 16p dat da day 14,0m. Do do, chuyén
vi vei goc 16p dat da nghiéng 159, cho két qua chuyén vi nghiéng vé mot phia, va nghleng vé phia g6c
truot 1o ¢6 thé tich 1gn nhat.
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chigu sau gigng dao (m)
a) Cac diém quan sat theo phuong thang ding  b) Biéu do thé hién chuyén vi tai 12 diém xét theo
phuong doc truc giéng
Hinh 10. Anh huong cua chiéu day I6p dd dé gia tri ung sudt ciia cac diém theo phirong doc truc giéng
Khi khao sét theo chiéu thang dung doc truc giéng, céc lop dat da co xu hudng dich chuyén

Xuong phia dudi do tu trong. Chuyén vi l6n nhat tap trung ¢ phan miéng giéng do vay phu hop véi ly
thuyét trong chin dat tinh theo phuong phap giai tich. Két qua nghién ctru ciing cho thay, 16p dit da co
d6 day I6n hon s& c¢6 dich chuyén Ién hon so véi 16p dat da mong. Cu thé véi 16p dat da day 14m, chuyén
vi 16N nhit dat 0,0052 m va thanh giéng van d¢am bao 6n dinh (Hinh 10) .
4. Két luan

Gleng dung la cong trinh ngam dao theo phuong thing dung qua nhiéu 16p dét d4 khac nhau. Do dic
thu diéu kién dia chat mo ving cac 16p da phan 16p va nam nghiéng. Tuy nhién cac phuong phap tinh
toan hién nay chua cha ¥ duoc nhiéu sy anh huong cua goc déc va chiéu day l6p dat da. Bai bao da tién
hanh khao sat anh huong cua goc dbc va chidu day I6p dat da dén ang suét va chuyén vi cia khbi dat da
va vo chdng bang phuong phap phan tir hitu han théng qua phan mém Abaqus. Két qua cho thay, goc doc
va chiéu day 16p dat d4 dao qua c6 anh huong dang ké dén trang thai lam viéc cua vo chong. Qua khao sat
cho thiy I6p cang dbc chuyén vi va ang suat ghi nhan dugc trong vo chéng giéng dung cang Ion, va giam
theo mirc do tang chidu day phan 16p dat da.
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ABSTRACT
Research on the effect of slope and thickness of rock seam around

shaft wall to stability of concrete lining of a shaft
Dang Van Kien!*, Daniel Dias?, Do Ngoc Anh?
!Department of Underground and Mining Construction, Faculty of Civil Engineering, Hanoi University
of Mining and Geology (HUMG)
2University of Grenoble Alpes, France

The paper presents the result of research on the effect of slope and thickness of rock seam around a
shaft wall to stability of concrete lining of a shaft. Three-dimensional finite element models were
developed to conduct the parametric analyses using the commercial FE package, ABAQUS. A good
agreement between the numerical results and the analytics methodwasfound. Parameter study shows the
effect of slope and thickness of rock seam around a shaft wall to stability of concrete lining of a shaft.

Keywords: Walls of circular shaft; shaft lining; stability of shaft wall; rock pressure
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TOM TAT

Trong thoi gian qua tai viing mé Quang Ninh rat nhidu cac mo da tién hanh xay dung giéng ding dé
phuc vu cho viéc khai thac khoang san & mirc dudi sau. Cung vai do, hé théng vo chéng cb dinh 1a bé
tong cbt thép lién khbi dugc st dung tai hau hét cac giéng dirng caa mo. Do cong tac quy hoach chua
ddng bo va mot vai ly do khac dan dén mot sé giéng bé tri dat gan khu vuc béi thai cia mo (nhu mo than
Ha Lam), hoic dao qua tang dat da thai (mo than NUi Béo)...Do vay, trong qua trinh db thai phia trén s&
anh hu’ong dén d6 on dinh cua vo chdng giéng dang. Tuy nhién, van dé nay ¢ Viét Nam hau nhu chua
dugc chl y, ngoai ra cac két qua nghién ctiu cua thé gisi theo hudng nay cling khong nhiéu. Giéng dung
1a cong trinh chinh ciia mo déng vai tro quan trong trong khai thac va c6 tudi tho hang trim nim nén viéc
nghién ctru anh huong cua cac cong trinh bé mat trong d6 c6 bai thai trén bé mat giéng dén do 6n dinh
cia vo chdng giéng dung la hét sicc quan trong. Bai bao trinh bay cac két qua khao sat danh gia anh
huong béi thai dén d6 6n dinh cua thanh gleng va vo chong giéng dirng. Két qua nghién ctu dat dugc
thong qua phuwong phap phan tir hiru han bang phin mém Abaqus va phuong phép gidi tich. Cac két qua
chinh cua nghién ctru 1a co s dé lya chon céc giai phap phu hop vé quy hoach, thiét ké va thi cong giéng
mé nham giam thiéu anh huéng cho vo chdng giéng ding caa mé.

Tir khoa: Thanh giéng dung; vo chdng giéng dung; bai thai cuia mo; &p luc dat da

1. D3t vin dé

Giéng ding 1a cong trinh mé via c6 thoi gian ton tai 16n (hang trim ndm) nén két ciu vo doi hoi do bén
I6n c6 tudi tho dai nhu bé tong lien khdi hozc bé tong cdt thép lién khdi. Két cau vo giéng chiu tac dong
cua ap luc dit da xung quanh, nuéc ngdm ciing nhu anh huéng cia cac cong trinh bé mat nhu doan tau,
bdi thai, nha xuong (Hinh 1). DAt d4 bai thai ving than Quang Ninh chi yéu Ia cac loai da trAm tich &
véch tru cac via than dd nd min, xdc bdc, van chuyén tir cac moong khai thac dén bai thai. Thanh phan dat
d4 cha yéu bao gom cac loai manh, cuc dit da v& vu cua céat két, cudi két, bot két, sét két, sét than va dat
phu dé tir. Thanh phan ¢ hat cua dét da ciing rt khac nhau, c6 kich thuéc tir 0,1 mm dén 1000 mm nhu
Bang 1.

Bang 1. Thanh phan cé hat va ti |é trong ddt dd bdi thai
(GS.TS. Pham huy Khang va nnk, 2015; Th.S. Tran Mién va nnk, 2018)
Thanh phan c¢& hat dat da bai thai <50 mm 50 + 80 mm 800 mm

Til¢ % 10 80 10

Dat da kich thuéc nho tap trung phia trén, do d6 dong nang 16n hon, dat da co kich thudc 1on 1an xa,
phan bo phia chan bai thai. MGt s6 thdng so co 1y cua dat da thai nhu trong Bang 2 (GS.TS. Pham huy
Khang va nnk, 2015; Th.S. Tran Mién va nnk, 2018)

Bdng 2. Mot s6 chi so co Iy dit dd bai thai ving than Qudang Ninh
(GS.TS. Pham huy Khang va nnk, 2015; Th.S. Tran Mién va nnk, 2018)

Do rong 1(%)

Titrong (T/md)

Ti trong béo
hoa ¥gx (T/md)

Luc dinh két C
(T/m?)

GOc ma sét trong @

@)

21

2,1

2,26

2,0

30

*Tac gid lién h¢
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Véi truong hop gleng nam dudi bai thai bé mat, ngoai 4p lyc dat da nim ngang xung quanh thanh
giéng, vo chong gleng dung con chiu thém ap luc cua tu trong bai thai va cac hoat dong do thai gay anh
huong l6n den d6 6n dinh cua thanh gleng va vo chong ¢b dinh giéng dung. Trén thé gioi, cac két qua
nghién ctru vé anh huong cua béi thai dén vo chong gleng dung la khong nhiéu. B4i vé6i Viét Nam, sau rat
nhiéu nam tir thoi ky Phap thuge dén nam 2009, giéng mo dau tien méi duge xay dung tai Ha Lam, do
vy hau nhu chua c6 cong trinh khoa hoc nao nghién ctru theo huéng nay trong khi yéu cau vé an toan on
dinh cho vo chbng giéng dimg ludn dugc dat ra nham bao ¢am sy van hanh binh thuong cua giéng trong
sudt qua trinh khai théc.

2. Co s ly thuyét va phwong phép nghién ciru

2.1. Co sé |y thuyét phwong phdp

Do anh huéng cua bai thai lién ké dugc dat trong khu vuc ling thé truot 1am ting tai trong bd sung cua
dat vao vé chong giéng ding. Chiél} cao tang thém do tai trong Pm truyén vao day BC dugc tinh theo so
d6 Hinh 1 va theo cbng thirc (1) (P6 Thuy bBang, 1997):

Hy=72 )
| "/ " ehid i :
s BT Trong do: Ho — chi€u cao tang thém, m; Pp — tai trong trén
| o/ 1m dai mong tac dung vao chiéu rong day bo, T; y- dung
! ! ! trong cua dia tang, T/m3; by — chiéu rong cta béi thai I1an
| | 3 can, m
| | |
| | |
| | |
| .
| £ 1 |
i D ao } bo } q-

Hinh 1. So do tinh &p lyc bén do anh hwong cia béi thai lién ké (ABAQUS User’s, 2011;
V& Trong Hung, 2012)

Trong diéu Kién nhu thé tai trong tac dung vao thanh giéng c6 thé duoc tinh dé dang bang phuong
phap tinh toan trong co hoc 6n dinh khéi dét, cuong do &p luc ngang do béi thai tac dung vao diém D
dugc biéu thi bang cong thirc (2) (Phi Van Lich, 1977; B Thuy Dang, 1997):

B =y (45° - %) @

Dudéi tac dung cua &p lyc ngang phan bb déu P va trong luong ban than cua vo chdng, ngoai ra con c6
anh huong cua cac cong trinh trén bé mat trong vo chéng xuét hién trang théi (ng suat ba chiéu: Ung suit
nén hudng tdm o3 (con goi 1a tng suat hudng kinh); Ung suit tiép tuyén o, (con goi la wng suat vong theo
chu vi), tc dung vudng géc véi tng suit huéng tdm; Ung suat thiang dirng o tc dung song song véi truc
giéng (Hinh 2). Pay la mot truong hop cua bai toan Lamé da giai tir nam 1852. Do I6n cuia céc ung suat
trén duoc tinh theo cac cong thirc (4) (Changsuo Zhang et al, 2005):

J— _®e . #5

@ % =5l %)
| I _ Rir B

\H—/i/ o _Ri—fi(l +I:) 3)
RS Rk =
! ! oy, = " "
| k Gl—— : 1 R" _ R;

//T/;j_,:::\\ Trong do: p- ap luc ngang phan b6 deu; Ry, Ry - Ban kinh
- \ = trong va ngoai cua vo gieng; x - Khoang cach tur tam giéng dén
— diém dang xét ctia vo.

Ri———R: ——]

Hinh 2. So do phan bé cac than phan iing sudt o3 va o trong vo chong giéng dimg

2.2. Xay dung va kiém chirng mo hinh sé
2.2.1. Xay dung mo hinh so md phong dnh hweng cua bai thdi bé mat giéng dén trang thai ing sudt va
chuyen Vi trong vé chong giéng ding

Dé phan tich rd hon anh huéng cua bai thai bé mat dén do 6n dinh cua vo chdng giéng dung nhém
nghién ctu sir dung phuong phap phan tir hiru han thong qua phan mém Abaqus. Két cau cia md hinh sé
dugc xay dung su dung cho nghién ctu chia thanh cac khéi phan tr md hinh khéac nhau véi ba phan riéng
biét gom khéi dat da xung quanh vo6 giéng, vo gleng bang bé tong va bai thai bé mat (H|nh 3) Kich
thuéc mé hinh dugc ldy theo kinh nghiém I6n gap 5 lan chiéu sau gleng dé mo ta chinh xac vung anh
huong. M6 hinh dat d4 co bé rong tly theo ban kinh va chiéu sau thanh giéng. Dat ¢ mé phong hinh hoc
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véi chiéu dai x chiéu rong x chiéu cao 1a 200 x 200 x 120 m. Giéng c¢6 ban kinh 2,7m (tinh ca phan dién
tich dao, tac gia bo phan bé tong phun véi mé hinh nghién ciru don gian), véi bé day thanh giéng khong
dbi. Vo chéng bé tong lién khdi cua giéng dimg dugc so bo lya chon day 0,2m theo thiét ké cua cong ty
than Ha Lam khi giéng di qua ving dét da 6n dinh dugc md phong dang vo (shell) voi d6 sau la 83,3m.

a) Khi dat da xung quanh thanh giéng  b) Vo giéng ¢) Khéi dat d4 va bai thai hinh chop
Hinh 3. Két cau mé hinh s

2.2.2. Thong sé va md hinh vt liéu

Mo hinh duoc khao sat vai 6 16p dat d¢a niam ngang khac nhau c6 dic tinh co 1y duoc thé hién trén
Bang 3. M6 hinh gém 5 thong s6 co ban: module dan hdi (E), hé sé Poison (v), luc dinh cua dat C, géc
ma sat trong () va goc né cua dét (y). Vo chdng giéng dung 1 bé tong lién khdi M300 véi cac dac tinh
co 1y dugc thé hién trén Bang 3. Do cac I6p dat da bé mat thuoc loai mém yéu nén vat liéu 1am viéc tuan
theo md hinh pha huy Mohr-Coulomb.

Bang 3. Chi tiéu co' Iy ciia dat da ddo qua

Céc chi tiéu co ly

Loai da p (g/cm®) C (MPa) ¢ (dd) E (GPa) \

Da thai (L6p dat da 1) 2,1 0,02 30 3,0 0,25
Bot két (Lop dét da 2) 2,6 5,0 35 3,6 0,213
Bot két (Lop dét da 3) 2,6 16,9 36 5,0 0,206
Sét két (Lop dat da 4) 2,6 2,9 31 2,4 0,24

Than (Lép dét da 5) 1,5 0,5 30 0,91 0,25

Bot két (Lop dat da 6) 2,6 16,9 36 5,0 0,206

2.2.3. Tirong tdc va dieu kién bién cua mé hinh

Mb hinh tuong tic dat da-vo giéng dugc xac dinh sir dung budc nghién ciru dia tinh ban dau, dé xac
dinh trong lyc, va g suat nguyén sinh trong dat da. Dieu kién bién md hinh ¢ cac canh bién st dung goi
¢o dinh theo phuong ngang (x, y), bién bé mit duoc gia thiét bién dang tu do, bién ddy mo6 hinh gia su la

¢b dinh ngam céc hudng (x, y, z) nhu Hinh 4.

a) Diéu kién bién dang ngam bao

quanh md hinh

b) Lién két gitta dat da va vo
chong giéng dung

Hinh 4. Biéu dién diéu ki¢n bién m6 hinh.
Bang 4. Chi tiéu co Iy bé tbng thanh giéng

¢) M6 hinh bai thai gan mi¢ng
giéng trén céc 16p dia tang

Céc chi tiéu co' 1y
Bé o Gt p C ) E v K G
tong | (MPa) | (MPa) (g/cm?®) (MPa) (do) (GPa) (GPa) (GPa)
M300 30 0,8 2,40 0,61 35 30 0,25 18,7 11.6
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2.2.4. Phan tir sir dung cho m hinh
Trong md hinh khéi da dugc md phong nho phan tir dang tir dién tuyén tinh, vo chdng giéng ding
dugc lya chon la phan tir vo tam giac véi dic tinh nhu Bang 5 dudi déy:
Bang 5. Pgc tinh céc logi phan tir sir dung trong mo hinh

Stt Tén phan tir So nat Loai hinh
Phan tir ran (dat da) C3D4 4 ndt — ta dién tuyeén tinh 3D Stress
Phan tu vo (giéng) S3 3 ndt — vo tam giéc Vo

2.2.5. Cdc truong hop nghién ciu
a. Két qua mé hinh giéng ditng trong truong hop chua c6 bai thai

Khi chua c¢é bai thai phia trén miéng gleng ) chong giéng dung chi chiu anh huong cua &p luc dat da
xung quanh. Két qua so sénh gitra mod hinh s6 véi két qua tinh ton ap luc bén thanh giéng dat dwoc bing
phuong phap gidi tich tinh theo cong thirc (2) dugc thé hién trén Hinh 5 dudi day.

60000

50000 j
30000 v/ gidi ti
/:;//‘ —m—Theo phuong phap sb
2

< 10000

Ap Iye ngang cira déit ¢4 (KGfm?)
2 8
8 8

0 10 20 30 40 50 60 0 80 90
Chiéu sau giéng (m)

b) Gia trj izng sudt trong thanh giéng theo hai
phwong phap khac nhau
Hinh 5. Gid trj #ng sudt trong vé chong giéng dimng do &p lire ddt da

Két qua so sanh trén biéu dd Hinh 5.b c6 thé thy rang gié tri tinh toan ap luc dat d4 xung quanh thanh
giéng theo hai phuong phép giai tich va phuong phéap sé cho ra két qua pht hop. Gid tri 16n nhat 60T/m?
tai 6 sau 83,3m nam qua via than day 9m. Sy phan b &p luc thay doi theo chiéu dai doc than giéng,
ngoai trir tai vi tri 1/3 cua than giéng c6 su budc nhay nho, budc nhay nay la do su bat 6n dinh sb xay ra
trong md phong. Khi vo chdng giéng dang c6 day 20cm, theo Iy thuyét tinh toan tng suat nén trong thanh
giéng duoc tinh nhu cong thuc (3) khi R1=2,5m; R2=2,7m; x= 2,7m, ta tinh duoc CaC thanh phan ung suét
trong vo giéng. Két qua so sanh gia tri ng suét tiép, ung suat nen trong thanh giéng theo cong thuc (3)
VGi C4c gia tri tng suat twong tmg dat dwoc bang phuong phéap sé (cu thé 1a cac wng suét Sii, Sz) dugc
thé hién trén Hinh 6.

a) Ung suat trén thanh giéng

§

i

?

——neo

\
Chiéusiu giéng (m)

a) Thanh phan #ng suat S b) So sanh 1g sudt dat dirgc theo hai phirong phdp
Hinh 6. Két qua wng suat dat duoc bang phirong phdp so
Két qua so sanh trén Hinh 6 cho thay gié tri tng suat thu dugc trong thanh gleng bang phuong phap s6
va phuong phap giai tich 1a phu hop, do d6 mo hinh xay dung c6 d6 tin cay va c6 thé dugc sir dung dé
nghién cau thong sb.

Ung suitt tré m thinh gic ng (Pa)

§

j

&m0

2.3. Khio sat thong s6 md hinh
2.3.1. Anh huong cua khoang cach béi thdi dén giéng ding

Trong nghién ciru ndy, nhém téc gia md phong giéng ding véi kich thude nhu mé hinh da kiém ching
& trén (R=5,4m; H=83,3m). Béi thai c6 hinh dang nén, kich thuéc bé rong 100m, chiéu cao 50m. Nghién
ctru dwoc tién hanh bang cach thay d6i vi tri khoang céch béi thai tir miéng gleng t6i mép ngoai cung bai
thai. Khoang cach dugc thay dbi lan luot 12 30m, 40m, 50m, 60m. Két qua chuyén vi I6n nhit trén thanh
giéng duoc thé hién nhu Hinh 7.
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40m 50m

Ung suitchinh 16m nhit (Pa)
Eo& L.

Cutéu siu giéng (m)

‘Chi¢usiu gieng (m)
b) (ing suat trong v chong thanh b) Chuyén vi trong vo chong
gieng ) thanh giéng
Hinh 8. So sanh ing suat trong vé chong tai cac khodng cach khac nhau

a) Céc diém khao sat

Két qua thu duoc tir s dich chuyén khéi dat d4 khi béi thai thay déi vi tri ¢6 thé dua ra mot s6 két
luan: Khoang céch bai thai toi giéng cang xa dan, thi chuyén vi trong thanh giéng cang giam dan. Ving
anh huong dich chuyén di chuyén theo vi tri dat bai thai. Voi tinh chat dat da nhu diéu kién khao sat dia
chit dua ra, c6 thé thdy rang, chuyén vi Ion nhat dat 5,6mm vai chiéu day cua I6p bé tong phun 1a 5cm,
chiéu dai thanh neo 14 1,5m nhu Hinh 8. C6 thé thay hai vi tri dich chuyén chu yéu trong mé hinh, d6 1a vi
tri phia dudi bi thai, va vi tri day giéng. Didu nay co thé giai thich rang, hién twong dich chuyén d6 1a do
trong luwgng ban than cua bai thai, va trong luong ban than cua thanh giéng tac dong, tir o s& dua ra cac
nghién ciru thiét ké co giéng va vanh dé da hop ly.

b, Anh hirong cua bé rgng bai thdi

Pé khao sat anh huong cua bé rong béi thai, nghién ctu tién hanh ¢ dinh khoang céch tir miéng giéng
dung toi mép ngoai cuing béi thai 13 40m, va 30 m, tién hanh bing cach thay ddi kich thudc bé rong bai
thai. B& rong bai thai thay doi lan lugt 1a 60m véi chiéu cao bai thai 30m; 80m vai chiéu cao bai thai
40m; 100m véi chiéu cao bai thai 50m; 120m véi chiéu cao bai thai 60m. Két qua khao sat nghién cuu
dua ra mot s6 két luan: (ng suit pha hay kéo (+) trong cdc truong hop thay ddi chu yeu o phan cb giéng.
Ung suét kéo 16n nhat trong trudng hop bai thai c6 bé rong 16n nhit, va khi bé rong giéng nho dan thi ang
suat kéo giam dan. Két qua biéu dién su dich chuyén khdi dat d4 khi bai thai thay doi vi tri cho thiy: Bé
rong bai thai cang 1on dan, thi chuyén vi cua bai thai tac dong 1én thanh giéng cang I6n dan. Ving anh
huong dich chuyén di chuyén theo d6 16n cua bé rong béi thai. Vi tinh chat dit da nhu didu kién khao sat
dia chat dua ra, c6 th¢ thay rang, chuyén vi I6n nhat dat 6mm, khi béi thai c6 bé rong 120m, cao 60m
(H|nh 9). Ngoal ra, c6 thé thay hai vi tri dich chuyen cha yéu trong mo hinh, d6 1a vi tri phia dudi béi thai,
va vi tri day giéng. Diéu nay c6 thé giai thich rang, hién twong dich chuyén d6 1a do trong lugng ban than
cua bai thai, va trong luong ban than cua thanh giéng tic dong, tir do s& dura ra cac nghién ctu thiét ké cd
giéng va vanh dé d& hop 1y.

éng (Pa)

8
2

——8-10
1w
=80

ém nhdt trong v gid

2
iz ~--Ba100
0003
0QP1715164 Ba0
——p-50
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o 10 s 20 0 s0 0 70 0 0
Chiéu siu giéng (m) Chiéu siu giéng (m)

a) Khi khoang cach 30m chiéu rong thay doi b) Khi khoang cach 40 m chiéu rong thay doi
Hinh 9. Sy dnh hwréng cua chiéu rgng bai thai dén gia trj 1ng sudat trong vé chong

Glatri dich chuyén thanh giéng(m)

-sn00000

Ung sudit chinh I

-s000000
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3. Két luan

Vi vigc nghién ctu sir dung phuong phap phan tir hitu han bang phan mém Abagus, m6 hinh xay
dung trong nghién ciru nay co thé cho phép nghién ctru sy dnh huong cua khoang cach tur bai thai dén
miéng giéng ciing nhu bé rong béi thai dén do 6n dinh thanh giéng. Két qua dua ra trong nghién ctu nay
dugc ap dung cho giéng c6 do sau nho, bai thai dang hinh chop, tuy nhién két qua co thé mé rong cho céc
loai hinh giéng va bai thai khac nhau cia ving mo Quang Ninh. Trén day 1a nhitng két qua nghién ctru dat
dugc ban dau vé van dé nay, can c6 nhirng nghién ctru sau hon trong thoi gian téi nham dép wng yéu cau
cap béch cua cac mo than ham 16 ¢6 sir dung giéng ding hién nay.
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ABSTRACT
Research on the effect of back filling at the mine to stability of
concrete lining of a shaft of underground mine in Vietnam

Dang Van Kien**, Vo Trong Hung?*, Do Ngoc Anh?, Khuat Manh Thang?, Do The Anh®
!Department of Underground and Mining Construction, Faculty of Civil Engineering, Hanoi University
of Mining and Geology (HUMG)
2Vietnam national coal - mineral industries holding corporation limited
3Fountech joint stock company

The paper presents the result of research on the effect of back filling at the mine to stability of concrete
lining of a shaft. Three-dimensional finite element models were developed to conduct the parametric
analyses using the commercial FE package, ABAQUS. A good agreement between the numerical results
and the analytics method was found. This numerical model can be used to study. Parameter study shows
the effect of distance and width of back filling at the mine around shaft wall to stability of concrete lining
of a shaft. The main results obtained by this study can be applied to underground mines in Vietnam in the
equivalent condition.

Keywords: Walls of circular shaft; concrete lining of a shaft; back filling at the mine; rock pressure
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E‘ng HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
N N A A - A A - - 1
JEARHSGENGES D \/A TAI NGUYEN VO PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Ap dung két cau neo chong giir duong 10 doc via than
Cong ty co phan than Nui Béo - Vinacomin
Nghiém Xuan Lal*, Pao viét Doan?

1Vign khoa hoc Cong nghé Mo - Vingcomin
2Truong Pai hoc Mo - Dja chat

TOM TAT

Hién nay két cau chdng neo di duoc ap dung rong rdi dé chong giit dwong 10 d4 tai cac mo than him
16 ving Quang Ninh va dang duoc 4p dung thir nghiém tai mot s duong 10 dao trong than. Do cac via
than c6 diéu kién dia chit phuc tap, chidu day va goc ddc via bién dong manh nén cac tham sé chdng gitr
bang neo thuong khong giéng nhau tai cac dudng 16 doc via. Chinh vi vay khi thiét ké tham sb chéng giir
bang neo cho cac dudng 16 doc via than cin nghién ciru k¥ cac didu kién dia chat khdi than da vach va try
clia via, thé ndm cia via, chiéu day via, tinh chat co 1y cua khdi than da dé phan tich tinh toan lya chon
céc tham sb cua két ciu chdng neo cho phu hop. Bai viét gidi thidu két qua ap dung chdng giit bang két
chu chéng neo tai duong 160 doc via thong gié 31101 mic -20 Cong ty CO phan than Nai Béo -
Vinacomin.

Tir khoa: Két cdu chdng neo, 10 doc via than, 4p dung hién trudng

1. Pit van dé

Hang ndm cac mé ham 16 ving than Quang Ninh phai thyc hién dao chdng gitr mot khdi lwong 16n cac
duodng 10 dé phuc vu cho cong tac khai thac. Trong d6 cac duong 10 dao trong da chiém khoang 25%, cac
dudng 16 trong than chiém khoang 75%, nhu vay c6 thé thiy rang khdi luong cac duong 16 dao trong than
1a rat 16n. Hién nay két cau chdng giir cac duong 10 doc via than chu yéu st dung két cau chdng thép, day
1a loai hinh két cdu chong bi dong, van chuyén mang véc lip dath nang nhoc, mat nhiéu strc lao dong cua
cong nhan...vv. Két cdu chdng neo di duoc ap dung rong rai dé chéng gitr cac duong 10 trong da vung
than Quang Ninh nhung trong 16 doc via than van con dang ap dung thir nghiém. Bai viét dua vao dleu
kién 16 doc via 31101 mé than Nui Béo sir dung cac 1y thuyét va cong thire tinh toan lua chon cac tham sb
chéng giir 1ap ho chiéu chdng neo cho dudng 16 va ap dung thanh cong tai duong 10 doc via 31101 Cong
ty than Nui Béo - Vinacomin.

2. Hién trang cong tac chéng 10 bang neo tai cac mé than ham 16 Quang Ninh

Két cdu chdng giir bang neo da dwoc 4p dung tai cac duong 16 ving than Quang Ninh tir dau nhing
nam 90 cia thé ky 20, nim 1991 B6 Ning lwong giao cho Vién nghién ctru khoa hoc cong nghé moé lap
luan chimg nghién ctru kha ning sir dung neo chat déo cbt thép cho cac moé ham 16 Viét Nam. Dén nim
1993 va 1994 B6 Ning lugng méi tim dugc ngudn tai tro dé 4p dung thir nghiém chdng 10 bang neo chat
déo cbt thép tir cac co quan va cac cong ty cua Australia. Nam 1995 neo chat déo di duoc ung dung
chéng giit cac duong 16 d4 va 16 than du tién tai Cong ty than Uong Bi, Cong ty than Khe Cham (Dy an
Australia tai tro). Nam 2001 neo chét déo ¢t thép da duogc trién khai dé chéng gilr cac duong 1o doc via
than tai Cong ty than Duong Huy (Du 4n JCOAL Nhat Ban tai trg). Nhitng nam tiép theo két cdu chdng
neo ciing da dugc mot sé mo ap dung thir nghiém nhung khong thanh cong.

Tu nam 2009 tré lai day Tap doan Cong nghi¢p than Khoang san Viét Nam da giao cho cac don vi
khai thac than him 16 ving Quang Ninh mdi nim phai thuc hién mot s6 luong dudng 10 chdng neo nhat
dinh nhung ciing c¢6 nhitng mo hoan thanh ké hoach duoc giao c6 nhitng mé khong hoan thanh ké hoat
dugc giao. Trén bang 1 1a tong hop khdi lugng chdng neo tai cac mé ham 10 true thuoe TKV tir ndm 2010
+2017.

*Tac gid lién h¢
Email: nxuanla@gmail.com
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Bang 1. Tong hop s6 hegng chong 10 bang neo tir 2010 + 2017 ciia cdc don vi truc thuge TKV
Nguyen Tri Thang, 2018)

STT Tén don vi Nam Nam | Nam | Nam | Nam | Nam Nam Nam
: 2010 2011 | 2012 | 2013 | 2014 | 2015 2016 2017
Toan TKV (m) 2056 2869 | 3896 | 2690 | 2490 | 2808 6556 12721
1 Khe Cham (m) 233 543 293 3 238 7 684 1106
2 Mobng Duong (m) 164 150 127 100 0 0 184 1254
3 Thong Nhat (m) 0 0 0 0 0 314 185 428
4 Duong Huy (m) 0 0 70 83 172 201 679 1037
5 Ha Long (m) 460 254 164 613 714 510 682 1104
6 Quang Hanh (m) 190 0 30 0 92 211 404 1023
7 Hon Gai (m) 39 356 483 145 50 152 363 498
8 Ha Lam (m) 213 297 683 657 363 217 509 646
9 Nui Béo (m) 0 0 0 0 0 0 86 1815
10 | Ubng Bi (m) 642 540 846 676 0 331 1073 432
11 Héng Thai (m) 0 0 0 0 362 336 15 429
12 | Vang Danh (m) 115 729 590 230 182 255 371 828
13 | Nam Mau (m) 0 0 464 68 103 43 148 899
14 | Mao Khé (m) 0 0 147 116 214 232 1173 1223

Tir bang 1 ¢6 thé thay rang cac don vi thuc hién khéi lugng chdng 16 bang két cau chong neo co su
khac biét rat 16n trong cac nam va gitr cac don vi v6i nhau, c6 nhirng don vi trong mot nim khong co6 mét
16 nao duoc chéng gitt béng két cu chéng neo, c6 nhitng don vi thi ndm thuc hién dugc nhiéu nam thuc
hién duoc it. Co rat nhidu nguyén nhan dan dén cic mo chua ap dung thanh cong va nhan rong loai hinh
két cau chdng neo sau day s& di phan tich mot trong nhirng nguyén nhén ton tai nay.

3. Phan tich nhirng han ché chéng neo tai cac mé than ham 16 viing Quang Ninh

C6 rét nhidu nhitng nguyén nhan dan dén két ciu chdng neo con han ché dugc 4p dung tai cac mo
than hdm 16 ving Quang Ninh mét trong nhitng nguyén nhan do bao gdm:

> V& cong tac thiét ké:

- Cong tac thiét ké cac tham s cua neo chua that sy dua vao diéu kién hién truong dé thiét ké, cac
tham sb thiét ké con thiéu nhu tham sé du ung luc cho neo, tham b goc cim cua neo, tham sb chiéu dai
doan dinh két, cac phuong an diéu chinh khi gap diéu kién thay ddi...vv

> Vé dong bo thiét bi trong cong nghé thi cong bao gom:

- Thiét bi thi cong khong day du d2~1n dén duong 10 khi chéng neo khong du céc thiét bi lap dat neo

- Thiéu céc thiét bi siéu 4m quan tric thanh 16 khoan dé biét duoc mirc d nut ne, pha huy cua khi
da xung quanh dudng 16 sau khi dao dan dén thiéu co so dé xac dinh tham s6 két cau chdng neo

- Khong c6 thiét bi khoan 1dy miu dé danh gia dwoc chi s6 phan loai khéi d4, cong tac khao sat chu
yéu dua trén kinh nghiém hodc chi dua trén hé sb kién ¢ bang biia Schmidt;

- Khéng ddu tw may khoan hong chuyén dung nén qué trinh khoan Iép cac thanh neo hong thuong
phai str dung may khoan ndc;

- Thiéu cac thiét bi thir tai dAn dén khong kiém tra dugc chat lugng thanh neo sau khi thi cong;

- Thiéu cac thiét bi tao du tng luc cho neo;

- Sir dung cac thiét bj may khoan 15 min dé thyuc hién khoan 13 lap dat neo dan dén cac 16 khoan neo
l6n khong phu hop voi duong kinh than cdt neo va chét dinh két;

- Pau tu cic mua sdm céc thiét bi khoan neo con han ché thong thuong khong c¢6 may khoan du
phong nén khi gip hu hong phai ngimg cong tac thi cong dé sira thiét bi, khong c6 thiét bi thay thé ngay;

- Cong tac sira chita bao dudng may khoan con nhiéu han ché, cac linh kién thay thé trong nudc
khong ché tao dugc, khi can thay thé cin dat hang tir nudc ngoai vé mét rat nhidu thoi gian.

> V& cong tac quan 1y bao gom:

- Chua dao tao can bg quan ly va cong nhan thi cong két cdu chdng bang neo hoic ¢ dao tao nhung
khong triét dé, can bo va cong nhan chua nim viing quy trinh k¥ thuat cong nghé thiét ké thi cong neo,
con bo sot cac cong doan trong quy trinh dic biét 1a cong tac kiém tra chat luong thi cong va do dich
dong dat da, hodc cong nhan chua thuan thuc trong cac budc cong nghé chong 10 bang neo;

- Hau hét cac don vi chua thuce sy chu dong va quyét liét trong viéc t chirc chi dao chéng 16 bang
neo ma van chi thyc hién sé mét 16 do tap doan giao hang nam;

- Pinh mirc tra cong khi chong giit bang két cau chng neo thip hon két cau chdng thép va gd, chua
¢6 hinh thyc dong vién khen thudng trong cong tic chong neo lam cho cong nhan khong thiét tha khi st
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dung loai hinh két ciu chéng nay;

> V& diéu kién dia chat

- Khong danh gia chi tiét dicu kién dia chat nén gip kho khin trong nhimng doan 16 ¢ diéu kién dia
chat thay doi, khong c6 phuong an diéu chinh tham sé chéng neo khi gip dicu kién dia chét thay doi,
hoic khi gap diéu kién dia chat thay d6i khong thay d6i phuong an chéng neo ma dwa luon két cau chéng
thép vao lap dat;

- Thiéu hodc khong day du mit cat doc mo ta cac 16p dat da ciia dudng 1o trudce khi thiét ké chéng
g

- biéu kién dia chit khu vuc Quang Ninh rat phtrc tap dac biét 1a cac duong 16 doc via than, diéu kién
chidu ddy, goc dbc ciia cac via thay ddi lién tuc gdy kho khin cho viée diéu chinh tham sb két ciu chdng
neo;

- Diéu kién dia chét thiy van phic tap, duong 10 chira nhiéu nuée lam anh huong dén tinh dong
cling cua chit dinh két;

- Pat da cudi két khi khoan bi v& thanh 16 khoan 1am cho 16 khoan md& rong ra dan dén chat déo
khong dui dé dinh két than cbt neo v6i thanh dat da 1am giam chat luong két ciu chdng neo;

- Dit d4 nirt né nhiéu, 46 md khe nit 1én lam cho chét déo sau khi khqu tron chui mot phﬁn vao khe
nut lam khong du chat dinh két than ¢t neo véi thanh 16 khoan;

> Vit liéu két cau chong:

- Van chua tu san xuét ra duoc toan bd két cau thanh neo, cac bd phén cua neo nhu than ¢t neo, tAm
dém, & cu, long den van phai nhap khau tir nudc ngoai qua nhidu khau mua béan trung gian 1am ting gia
thanh két cdu chdng neo. Hién nay trong nuoc di san xuét dwoc chat déo dinh két nhung gia thanh con
cao hon gia nhap khau;

- Chua c6 cac quy dinh kién tra chat luong két ciu chdng neo trude khi dwa vao sir dung, nén khéng
khong ché dugc chat lugng vat liéu nhdp vao mo, lam anh hudng dén chit lugng chéng neo

- Ren dau neo khong phit hop vai ren & cu lam khi lip dat bi 1ong khong chat, khong ép sat duge tim
dém vao thanh dét da;

- Thanh neo khong ddng bg, nhiéu khi chi nhap than cdt neo, & cu con tim dém ty cét tir cac thép tAm
nén khong du kha nang chiu lyc, khi lép thudng bi cong vénh tAm dém;

- Thoi chat déo bi hong giy do van chuyén khong can than, thoi chat déo bi qua han thoi gian sir
dung 1am cho cudng d6 dinh két giam anh huong dén chét lugng ciia neo.

4. Thiét ké két cAu chang neo cho 10 doc via thong gi6 31101
4.1. Piéu kién dja chat kj thugt 16 doc via thong gi6 31101

Puong 10 doc via thong gié 31101 co téng chidu dai 1a 313m, co thoi gian ton tai dy kién 3+5 nam,
dudng 16 ¢6 chiéu rong bang 3300 mm chiéu cao bang 2870 mm, dién tich dao Sq¢= 9,3m2 Puong 10 dao
trong via than ¢6 chidu day khoang 3+6 m dao trong than bam try, trong via than ¢6 2 16p da kep, mot 16p
¢6 chiéu day 0,7m nam giita duong 10, mot 16p c6 chidu day 0,4 m ndm trén néc duong 10, via than nim
xen k& v6i cac 10p da kep co chiéu day 1,3 m, 1,7 m va 0,7 m, bén trén via than 1 16p mong sét két va da
bot két, tric doc duong 10 dugc thé hién trén hinh 1, mat cét doc tuyén duong 10 va mat cit ngang dia chét
ctia dudng 16 thé hién trén hinh 1 va 2 (Pao Viét Poan, 2018 ; Cong ty than Ndi Béo, 2017).

Y

+0

+20

+0

2 m

B (nén-27)
P
¥

Hinh 1. Trdc doc duong 10 doc via thong gié 31101
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Hinh 2. Mgt cat ngang véi cac 16p than dd xung quanh dwong 10 doc via théng gié 31101
4.2. Yéu cdu chéng gii dwong 10 doc via thong gi6 31101

Véi diéu kién vi tri twong quan gitra duong 16 v6i cac 16p dat da thé hién trén hinh 2 thi yéu cau chong
giir duong 16 bao gom:

- Yéu cau phai sir dung thém neo cap vi chiéu cao 16p dat d4 yéu trén néc dudng 16 16n, neo thudng
khong thé xuyén qua 16p dat ¢4 mém yéu, mat khac dién tich tiét dién dudng 16 nho khong thé sir dung
neo thudng ¢ chiéu dai 16n dé treo cac 16p than d4 kep vao sau trong dat da ctng viing bot két bén trén
vi khong thé thi cong thanh neo dai trong diéu kién dudng 10 ¢6 chidu cao thap, chinh vi vay phai sir dung
két hop neo cap dé chdng giir duong 10;

- Lip dung két cau chong neo thudng ngay sau khi hinh thanh mat 16 than d4 dé ngan ngira bién dang
pha huy, tach 16p cua 16p than va 16p d4 kep trén néc dwong 10 vao trong khoang trong;

- Vi chiéu dai neo thudng chua xuyén qua hét 16p than va da kep vao khdi da bot két bén trén nén cac
neo cap dugc thuc hién ngay sau khi di budc chéng hang neo cap dé ngin ngira khdi than da kep trong
ving neo thudng bi mét 6n dinh dich chuyén vao duong 10.

- Lip dat ngay cac tram dich dong khi du chiéu dai thi cong theo quy dinh dé quan tric dich dong cua
khdi da noc 10, phai sir dung bo dich dong do 4 diém trong khdi da, diém thir nht nim trong 16p kep da
trén néc 10, diém do thtr hai ndm & vi tri vach d4 noc, diém do thir 3 va thir 4 nam & 16p da bot két trong
phan neo cap.

- Chéng giit dang theo hd chiéu chéng giir da thiét ké nhu tham s6 chidu dai neo, khoang cach giita
cac neo, goc cim neo, chiéu dai chat dinh két, tham s6 du ung lyc...vv;

- Sir dung chung loai vat liéu chdng giir dung theo thiét ké nhu kich thudc cta thanh ¢t neo, thoi chat
déo, ludi thép, € cu va tAm dém neo;

4.3. Thiét ké tham sé két cdu chéng neo cho dec via thong gi6 31101
4.3.1. Tinh todn tham sé cia neo thurong

- Tinh chiéu dai thanh neo: chiéu dai thanh cét neo dugc tinh theo nguyén Iy treo vom pha hiy vao
khéi da cting vimng nhu sau (Tang Hong Pu, Wang Jin Hua, 2007):
L= Li+k.Lo+ L3 (1)
Trong do: L: Chiéu dai thanh neo, m; Ly: chiéu dai nhé ra khoi bién 1o léy Li=0,1m; k 14 hé s6 an toan k
=1,1; Ly: Chiéu cao vom pha hay cua dudng 16. Theo Tsimbarevich chiéu cao sut Ig (pha huy) cua ndc
duong 10 duge xac dinh theo cong thic:

a+ h.tg(goz_(pj
— (m). )

Trong d6:a - Nira chiéu rong duong 10, a = 1,65 m;h - Chiéu cao duong 10, h = 2,87 m; ¢ - Goc ma sat
trong ciia dé noc, ¢ = 32°% f- Hé s6 kién co cua dat da noc, f=4, hé sb kién c6 cia than, f = 2.

Thay SO vao ta duoc L, = 1,6m; ) o

Ls - Chicu dai khoa neo trong khoi da cimg vimg thuong lay bang 0,3m

Vay chiéu dai thanh neo la : L = 0,; +16.1,1+03=0,1+0,76+0,3=2,16 m.

Do c6 str dung thém neo cdp d€ chong gilt duong 1o mat khac khoang cach gitra cac neo trong hang va
trong vong sé lay nho hon khoang cach tinh toan thuc té nén so bo lwa chon chiéu dai cua neo bang 2,1m.

L, =
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- Khoang céch giira cac neo trong hang va trong vong:

Khoang cach giira céc neo trong hang va trong vong lay bang nhau, véi dat da < 6 ap dung theo cong
thuac tinh todn sau (Tang Hong Pu, Wang Jin Hua, 2007):

D<05L, m (3)

Trong d6:L- Chiéu dai thanh neo — D < 0,5%2,1 = 1m, chon D = 0,8m dé ning cao d6 an toan

- Puwong kich thanh neo:

Puodng kinh thanh neo duge xac dinh theo cong thic thuc nghiém sau:
d>L/110, mm 4)
Trong do:L - Chiéu dai thanh neo; d - Puong kinh thanh neo; mm; — d >2100/110 = 19,1mm; Chon
thanh neo c6 duong kinh d = 20mm.

4.3.2. Tinh ton tham sé czia neo cap

- Chiéu dai neo cap: Chiéu dai neo cap duoc tinh toan theo cong thirc sau (Tang Hong Pu, Wang Jin

Hua, 2007).

Lnc=La+ Lo+ Le (%)
Trong d6: L - Chiéu dai neo cap, m; L,= 1,5+2m: Chiéu dai neo gia ¢ vao tang dat da 6n dinh, chon bang
2m; Lp- Chiéu rong duong 10; L, = B =3,3m; L -Chiéu dai nhé ra khoi bién 10 lay bang 0,3m suy ra
Ln= 5,6m. Dé ting d an toan va phl hop véi diéu kién dia chat vach duong 10 lya chon chiéu dai neo
cap Lnc = 6,3m.

- Khoang céch giira hang neo cap:

Khoang céch giita hai hang neo cap dwoc xac dinh dwa vao diéu kién phai chiu duoc trong lwong 16p
than néc mét 6n dinh (vach), véi khoang cach céc hang neo cép tinh theo cong thuc sau (Tang Hong Pu,
Wang Jin Hua, 2007).

s, = 3%] (m) ©)

4Bhyk
Trong d6: Sz - Khoang hang neo cép; B - Chiéu rong duong 10; h - Chiéu day I6p than khong 6n dinhcan
thiét phai treo vao 16p dat da 6n dinh (d6i voi than lay bang chiéu rong 10 B), 3,3m; v - Trong luong thé
tich 16p dat d4, than trén phia noc 10; 16 KN/m?3; [6a] = 353 kN- Luc kéo dut cia mot thanh neo cép,
(KN); k - Hé s6 an toan, chon 1,1 thay s6 vao ta dugc S; = 1,6 m

Ngoai ra theo kinh nghiém thuc té thi cong ciing nhu thiét ké khi két hop neo cét thép voi neo cap
thuong chon khoang céch giita cac hang neo cp bang 2 dén 3 lan khoang céch giita cac hang neo thuong.

- S6 lrgng neo cap trén 1 vong neo (Tang Hong Pu, Wang Jin Hua, 2007).

Theo kinh nghiém sb neo cap trong mot vong neo: véi duang 16 ¢6 chiéu rong < 3m b tri hai neo cap
trén noc 10; ddi voi duong 16 ¢6 chidu rong > 3m b tri hai hoidc ba neo céap trén noc 1. Puong 10 DVTG
31101 ¢6 chiéu rong 3,3m nhu vy ta chon nhu sau: mét vong 2 neo mdt vong 3 neo b tri so le nhau.

- D itng luc ciia neo cap (Pao Viét Poan, 2018).

Tham s6 du ng lyc 1a mot trong nhitng tham sé quan trong ciia hé théng neo. D4i véi neo thudng cho
tham sé dy ung luc bang 60 kN, d6i véi neo cap co duong kinh 17,8 mm thi du wng luc khong < 150 kN.

Tir két qua tinh toan bd tri neo trén mat cat ngang va mat cit doc duong 10 nhu sau: 9 neo thuong vai
duong kinh 20mm, chiéu dai neo 2,1m duoc bé tri déu trén bién duong 16 vai khoang céach trong vong
bang khoang c4ch hang va bang 800 mm, mdi 16 nap 2 thoi chat déo dai 35cm. Neo cép chiéu dai 6,3m
duong kinh 17,8 mm, sir dung 7 thoi chat déo dai 35cm bé tri so le mot vong 3 neo, mot vong 2 neo. Ludi
thép str dung ludi thép han c6 duong kinh 6 mm han véi miat ludi 100 x 100 mm chiéu dai tim lu6i bing
2m, chiéu rong tim ludi bang 1m. Ho chiéu chdng neo thé hién trén hinh 3 va 4.

L6p bt két

Lop sét két =~
Lop than
Lop da kep

Lop than

Lop da kep

Lop than

L6p bot két ~ = -

Hinh 3. Mt cdt ngang hé chiéu chong neo
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Neo cap $17.8; L=6300
aa = T600XTB00

Neo CDCT ¢20
aXBEB00X800, L=2100

Hinh 4. Mdt cat doc hé chiéu chdng neo
5. Két qua thir nghiém hién truong
Cong tac rat nho thir tai neo dwoc thuc hién bang may neo cap bang may MS-15, rdt nhd neo thudng
bang may LDZ -200. Két qua rat nho thir tai neo tai duong 10 doc via thong gi6 31101 dwoc thy hién thé
hién trén bang 2.
Bang 2. Két qua rat nho thi tdi neo

. S6 higu vi Stic chju tai Loai | Sé higuvitri | Sic chiu tai
Loaineo | ¢ i it nhé | ciia neo (thn) neo rat nhd ciia neo (tin)
1 16 1 4,9
2 13 2 4,6
) 3 18 Neo 3 4,8
Neo cap 2 11 thuong 4 49
5 10 5 4.7
6 15 6 4,8

Cong tac do dich dong néc duong 16 dugc thuc hién bang dung cu do 4 diém loai DW- 4, vi tri 4 diém
do cach bién 16 thir ty nhu bang 1,5m, 3m, 4,5m, 6 m dé do dich dong cua khéi da trong khoang neo
thuong, ngoai khoang neo thudng, trong khoang neo cap. Két qua do tai 2 tram dich dong gan nhu khong
c6 hién tuong bién dang dich dong cua khbi da. Hinh anh két qua chéng gitr duong 10 va tram do dich
dong sb 1 thé hién trén hinh 5 (Pao Viét Poan, 2018).

Hinh 5. Két qua chong giit tai tram do dich dong s6 1

6. Két luan

Két cdu chdng neo di va dang dwoc 4p dung tai cac dudng 16 trong da va trong than tai cac mé ham 16
viing than Quang Ninh, cic dudng 10 dao trong da rin dong nhit cong tac thiét ké thi cong neo thuong
kha don gian. Nhung khi dao cac duong 10 doc via than cong tac thiét ké cac tham sé cua két cau chdng
cua neo ngoai sir dung cac ly thuyét tinh toan hién c6 can phai tién hanh phan tich tinh trang phan I6p cua
than va dat da xung quanh duong 10, chiéu day cac 16p than da trén noc 10, goc nghiéng phén 16p, d6 cung
ctia c4c I6p dé dua ra yéu cau chong glu cho duong 10. Bai viét phan tich nhirng mat han ché cua cong tac
chdng neo tai cac mo than ham 16 ving Quang Ninh va tir didu Kién dia chat k§ thuat cua duong 10 doc
via thdng gi6 31101 mo than Nii Béo di dua ra yéu cau chdng giit, cling nhu phan tich tinh trang phan
I6p ctia khoi dat d4 trén noc duong 10 két hop str dung cac ly thuyét tinh toan va kinh nghiém chéng neo
tinh toan lya chon 1ap ho chiéu chéng cho duong 10. Két qua &p dung tai dudng 10 doc via thong gid
31101 cho két qua tét ca vé kha niang chiu tai cua hé théng neo ciing nhu khéng ché ngin ngira bién dang
cua khi than da xung quanh.
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ABSTRACT
Application of the bolt structures for supporting the coalroadway in

Nui Beo Coal Joint Stock Company - Vinacomin
Nghiem Xuan La'", Dao Viet Doan?
YInstitute of Mining Science and Technology
2Hanoi University of Mining and Geology

At present, the anchor bolt structure has been widely applied for supporting the drifts at underground
coal mines in Quang Ninh area and it has been also applied to coal headings on trial. Due to the coal
seams are under complicated geological conditions with many strong variations in their thickness and
slope angle, therefore, the supporting parameters with anchor bolts are different at the gateways.
Therefore, when designing the supporting parameters for the gateways, it is necessary to study carefully
the geological conditions of the coal seam top and coal seam floor as well as their bedding, thickness,
physico-mechanical properties for analyzing, calculating and selecting the proper supporting parameters.
The paper represents the results from the application of the anchor bolt structure for supporting the
ventilating gateway 31101 at the level - 20 at Nui Beo Coal Joint Stock Company - Vinacomin.

Keywords: Bolt structures, Coal roadway, Field application.
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SUSTAINABLE DEVELOPMENT

Tinh toan vé ham ap luc hai 16p, tiét dién tron, 16p trong c6 chiéu day
thay doi ¢ phan day
Nguyén Xuan Man>* , Nguyén Thanh Nam?, Nguyen Duyén Phong*

' Truong Dai hoc Mo-Dia chat
2Cyc Ha tang ky thudt, B Xay dung

TOM TAT

Bai viét trinh bay mot cach tiép can trong tinh toan két cau chdng gitr duong ham c6 &p. Vo ham cd tiét
dién tron; ciu tao gom hai 16p: Lép ngodi dang vanh khuyén c6 chiéu day khong thay déi; Lop trong co
chiéu day thay ddi & phan day. Do léch chiéu day cua I6p trong dic trung bang dai lugng 8. Bai toan dugc
xem xét trong hé toa do cuc O(r, 0) va duoc giai bang phuong phap thong sé bé. Két qua tinh toan cho
thdy: Phan day cua dudng ham cé gia tri md men ubn Ién hon & phan von tir 15+47%. Trén co s& d6 khi
thiét ké két ciu chéng cua ham can ting chidu day vo chdng & phan day dé dam bao dé bén va tudi tho
cdng trinh.

Tur khéa: két cau him chiu p, chiéu day thay ddi, phuong phép thong s6 bé.

1. D3t van dé

V6 chéng cac duong ham thay céng, ham chiu &p luc nudc tir phia bén trong, thuong c6 cau tao hai
16p: Lp 1 (16p ngoai) thudng duoc lap ghép tir cac tim bé téng cot thép ché tao san; Lép 2 (I6p trong)
thuong lam tir bé tong cot thép lién khdi d6 tai chd co phan day day hon phan vom (hinh 1). So di phan
day c6 chiéu day 16n hon phan von 1a vi day ham thay cong c¢6 ap thuong bi bao mon do cac phan tir ran
¢6 trong nudc di chuyén doc theo day ham.

Tinh toan két cu vo him hai hay nhiéu 16p, cac 16p c6 chiéu day khong dbi, tiét dién tron duge nhidu
tac gia xem xét giai quyét: (Byasraes H.C., 1986, 1994; IMankparerko A.H., u apyr, 2016; Rukin V.V.,
Ruppeinhit K.V., 1969; Nguyén Ngoc Hu¢, 2006; Nguyén Duyén Phong va nnk 2017; Vo Trong Hung,
1991. Céc tac gia ngoai nude da nghién ciru bai toan tinh toan vo hdm nhiéu 16p bang phuwong phap sb va
phuong phap giai tich. Trong cac cong trinh khoa hoc nay: Bymneues H.C., 1994, 1986; ITankpareHko
A.H., H, 3. ®onr., Cammans A.C., H. C. Maus, 2016; Rukin V.V., Ruppeinhit K.V., 1969; Orlop C.A.,
1964; St. John, C.M., Zahrah, T.F., 1987; Kyriazis Pitilakis, Sotiris Argyroudis, Grigoris Tsinidis, 2011,
Wang, J., 1993; Youssef M.A. Hashash, Jeffrey J. Hook, Birger Schmidt, John I-Chiang Yao, 2001) cac
lop vo chong tuong tac voi nhau hoac theo mot phuong phap tuyen hoic theo ca hai phuwong: phap tuyén
va tiép tuyén trén cac mit tiép xtc cua hai 16p két cau chdng lién ké nhau. Cac cong trinh tinh toan da
duogc cac nha khoa hoc nhu Bynsraes H.C, 1994; Bynsraes H.C., ®otueBa H.H., Ctpensios E.B., 1986;
V.V. Rukin, K.V. Ruppeinhit, 1969; X.A. Orlop, 1964; St. John, C.M., Zahrah, T.F. 1987; Kyriazis
Pitilakis, Sotiris Argyroudis, Grigoris Tsinidis, 2011; Wang, J., June 1993; Youssef M.A. Hashash,
Jeffrey J. Hook, Birger Schmidt, John I-Chiang Yao, 2001;...xem xét. Cac nghién ctru trén diy da dua ra
cac biéu thirc giai tich cua cac g sudt trong cac 16p vo chdng. M6 hinh tuong tac gitta cac 16p vo chdng
v6i nhau va giita vo chdng véi méi trudng duge xem 1a dan hodi tuyén tinh. Trén co so d6 da sir dung gia
thuyét lién tuc ctia chuyén vi trén bién ctia mit trong 16p ngoai va trén bién mit ngoai cta 16p trong cta
hai 16p tiép xic.

O Viét Nam ciing ¢6 nhiéu tac gia: Nguyén Ngoc Hué, 2006; Nguyen Duyen Phong, Dang Trung
Thanh, Pham Duc Thang, Ta Van Kien, 2017; Hryen 3yen ®onr, 2016; Nguyén Duyén Phong, Nguyén
Xuén Man, Pankratrenko A.N, Pham Thi Yén, 2017; V& Trong Hung, 1993; V5 Trong Hung, 1991;
Nguyen Lé Ninh, 2007, da dé cap dén bai toan trén day. Cac nha khoa hoc trong nudc da cha y va dé cap
van d& tinh toan vo ham nhiéu 16p c¢6 thé ké ra nhu: V5 Trong Hung, 1991, 1993; Nguyén Ngoc Hug,
2006; Nguyén Lé Ninh, 2007; Nguyén Duyén Phong, 2017; Nguyén Xuan Man, 2017; IlaHkpaTeHKO
A.H., Hryen 3yen ®omr., Cammans A.C., Hryen Cyan Maws, 2016; ...Da sO cac cong trinh khoa hoc ké
trén deu tap trung xem xét bai toan vo nhiéu 16p va chidu day mdi 16p khong dbi trén toan mat cit.

*Tac gid lién h¢
Email: mannxdoky@gmail.com
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Hién nay bai toan tinh vo ham nhiéu Iop, tiét di¢n tron, chiéu day cua cac 16p c6 thay ddi van con it
dugc dé cap va giai quyét chua triét dé. Trén co so nhitng trinh bay trén, trong bai viét nay nhom tac gia
dd xem xét bai toan tinh vo ham hai 16p véi chiéu day 16p trong thay d6i véi cach tiép can giai tich va tim
16i giai bang phuong phéap thay thé dung dan.

Duéi déy trinh bay chi tiét bai toan dat ra: Tinh toan vo ham ap luc hai 16p, tiét dién tron, I6p trong c6
chiéu day thay ddi & phan day.

2. Co sé ly thuyét va phwong phap nghién ciru

2.2. Dt bai toan

Ri1, Rz - Lan ot 12 bén kinh trong va ban kinh ngoal cua lép vo bén trong (Iop 2);
Ldp vé ngoai (I6p 1): Lap ghép tir cac tam bé tong cot thép; .
Lép vé trong (16p 2): Lam tir bé tong cot thép lién khei, c6 phan ddy day hon phan vom.

Hinh 1. Két cdu vé chong ham c6 ap hai lép (Byaviues H.C., 1994)

M0 hinh tinh toan vé chdng gém hai 16p: Lép ngoai c6 chiéu day khong ddi, 16p trong c6 chiéu day
thay doi ¢ phan day. Lop trong c6 ban kinh ngoai Ia Ry, ban kinh trong la Ri. Bai toan xem xét trong hé
toa do cuc O(r, ) (hinh 1). Tai trong tac dung trén bién ngoai I6p ngoai do ap luc dét d4 tao nén; Tai
trong bén trong ham do 4p luc nudc va tac dung tir trong ra ngoai. B¢ léch Chleu day 16p vo trong ddc
trung bang dai lugng J. Bai toan thuong dwoc giai bang phuong phap thong s6 bé, duoc dung phd bién
trong linh vuc co ky thuét, co hoc d4 va co hoc cdng trinh ngam.

2.3. Gidi bai toan

Dé tim nghiém kin cta bai toan, diéu kién bién bén trong 16p voé thir hai duoc viét duéi dang tong cac
ham diéu hoa don.

Puong bién bén trong cua vo chdng duong him co thé viét dudi dang duong cong (Rukin V.V.,
Ruppeinhit K.V., 1969; Orlop C.A., 1964):

r=ry+> " Sy-k-e“ (1)

Trong (1): r - phuong trinh duong cong bién trong cua vo ham trong hé toa do cuc; rs - ban kinh quy
dbi bién trong cua ham; Sg - tham s6 tuyén tinh cua phép bién ddi; k - s6 lwong cac sb hang 1a dang ham
diéu hoa trong (1); @ - goc cuc (xem trong H.1); i- don vi 4o, i% = -1.

Trong cac bai todn ky thuat thyc té thi do chinh xac can thiét ¢ thé dat duoc trong tinh toan vo chéng
ham khi gié tri tham s6 k trong biéu thuc (1) ldy nhu sau: k = 0, k = + 1 va k =+ 2. Khi d6 (1) c6 thé viét
bang cong thire (Bymsraes H.C., i apyr 1986):

r=ry +Sg c0s@+S;, cos20 (2)
Trong (2): Céc tham s6 ctia phép bién doi dugc xac dinh nhu sau:

Se =2(R, +13); (3.1

2 = (e —R); (32)
(R,=9) } [ R, - 5}2 ®

2R +2 +1|+2R| —— | —0J
R Rl[ R, SR (3)
2+ Z[H +1j+ Z(HJ
R R

Trong (3):8 la chiéu day sai léch I6n nhét cua 16p vo tron bén trong; céc ky hiéu Ry, R, xem trong hinh
Ve 1.
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Theo tac gia C.A. Orlop, 1964 va cac tac gia khac thi sir dung loi giai bai toan Lame quen thugc trong
ly thuyét dan hoi, sé cho ta loi giai ctia bai toan dit ra trong hé toa do cuc nhu sau: (Byasiues H.C.,
®oruesa H.H., Ctpensios E.B., 1986; Orlop C.A., 1964):

= (6c,r +20,r°)2c0s 0+ (2a, +6b,r * +12¢,r *)2c0s20,  (4.1) @

4

=(2¢,r—20r°)2sin0+(a, —30,r* +3¢,r* —d,r?)4sin 20, (4.2)

Céc he s6 trong (4) dugc xéac dinh tir viéc giai hé cac phuong trinh thé hién diéu kién bién cua bai toan

(diéu kién lién tuc cua ung suat phap va tng Suat vong trén bién ranh gigi cac l6p; diéu kién vé chuyén vi

theo hudng ban kinh nhu nhau cua diém nam trén duong bién trong va dudng bién ngoai cua hai l6p vo

chéng Iler] ke, ...). .

Cac diéu kién bién can thoa man nhu sau (ITankpatenxo A.H., H, 3. ®our.,; Cammans A.C., H. C.

Masns, 2016; Rukin V. V., Ruppeinhit K.V., 1969; Orlop C.A., 1964):

2(9, —q, )r’
2C1g _ZblrE;S = wssy (5.1)
(rA g ) s
C,r, —2br;® =0, (5.2)
2(q, —q, )12
2a —6b,r;* —4d,r;? = %sm, (5.3)
(rA —Ig )rB (5)
-2a, —6b r;* —4d,r” =0, (5.4)
a —3b.r," +3c,r2 —d,r;? =0, (5.5)
a, —3br;*+3c,r2—d,r;2 _HSBZ, (5.6)
A~ 'B)'B

Trong (5), ngoai cac ky hi¢u da biét thi: ru, rs - 1an luot 13 ban kinh ty d6i cua bién ngoai va bién trong
v6 ham; g, e — lan luot 14 tai trong tac dung Ién bién ngoai va bién trong cua vo chéng.
Luc doc tong cong N tac dung vao mit cit ngang cua vo xac dinh theo cong thic:
N=N,-N,, ®)
Trong (6): N - Luc doc tac dung vao mat cit ngang cua vo him khi kich thude ddi xtng, déu, gid tri
cta nd phu thugc vao gg va re; Nz - Luc tac dung bd sung xuat hién trong mat cit ngang ham khi kich
thudc thay d6i, khong déi xang, gia tri cua N2 xac dinh theo cong thic:

N, :_[rrH agd{Scl(er —r )—%+E}2cosﬁ+

8 (7)
n{Zak(rH —rB)—Z—bk+£+4C (rs r§)}2c0329
o
Do léch tdm cua luc doc N:
r,—r
€n = . 2 . +h (8)

Trong d6: ryi - 14 do léch tam bd sung do chiéu day vo chdng I6p trong thay doi, xac dinh nhu sau:

2 2,2 2 2
ri+%ln:i{2q(rj —r§)—r—bl+—bl}2cose—
B

1 2 fh— Vs H s

er:%j: ogrdrzﬁ N
{ak(rj—r )_r_+r_+3ck(r -, )}

H B

cos 20 9

Trong (9): oy 1a tng suit tiép tong.

3. Két qua va thao luan
Cac s liéu cho trudc:
R1 - ban kinh trong cta vo chéng, R1=131,75¢cm;
Rz - ban kinh ngoai cua vo chdng, R, = 150,25 cm;
Chiéu day 16n nhit phan day ham, & = 8,4cm;
Ap lyc nuéce tir phia trong ham, gg = 2at.
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Két qua tinh toan cac hé sé cho trong bang 1 ’
Bang 1. Gia tr tinh toan cac hé so

rs =130,5cm Sp1=2,54 cm Sgp=-1,27cm
b, =-316000 c; =-0,00159 ax = - 0,24706
bx = 0,0395 cx = 0,000007186 dk = 2778,95

Str dung cac s lidu cho trude va cac két qua tinh trong bang 1, theo cac cong thic (4), (5), (6), (7), (8)
va (9) sé xac dinh lyc doc N va @6 Iéch tdm ry nhu sau:
N, = 261 kG;
N, =57,195c0s 8 + 36,197 cos 20
N =N, —N, =(261-57,195c0s & —36,197 cos 26)
_36887,2+8062,45c0s 0 —4917,64c0s20
N — N -
_36887,2+8062,45c0s 9 —4917,64cos 20
~ (261-57,195c0s 036,197 cos 20))

Gia tri lyc doc N(6) va moment uén M(6) duoc tinh theo toa do goc 6 (xem hinh 1); CAc gié tri nay doi
xung qua truc dung mat cat ngang cua ham, do d6 chi can tinh cho maot nira con nira kia lay d6i xing qua
truc dung. Két qua tinh cho trong bang 2 duéi day:

Bang 2. Gia tri luc doc N(0) va moment uén M(0) tazi mdat cat ngang phu thuge goc @

Goc 8, do 0 45 90 135 180
N(8) 261 183.621 224,803 183,621 261
M(8) 157,86 97,5 84,8 272,1 232,3

Can ctr két qua tinh & bang 2 xay dung biéu d6 moment uén theo mat cit ngang vo ham (hinh 2).
|

157186

|
Hinh 2. Biéu @6 moment uén M(6) dirge xdc dinh tir vi dy tinh toan sé

Két luan

- Tai mat cit c6 goc 6 = 135° va 6 =270° ¢6 gia tri moment udn 16n nhat: Mmax = 272,10 kG.m - B¢ 1a
cac mat cat nguy hiém nhat. Phan day ctia dudng ham c6 gié tri moment udn 1én hon & phan von bén trén
tir 15+47%; trén co so d6 can tang chiéu day vo Chéng & phan day.

- L&p vo trong cua day ham can gia tang chidu day dugc giéi han trong mién c6 mmoment udn phan
day 16n hon hodc bang gia tri moment uén & dinh vom, tic M(6) > M (0). Theo vi du tinh trén day thi
M(0) =157,86 kG.m ang véi 6 =115° va 0 =290°.

- D6 day can gia ting 6 duoc tinh theo gi4 tri gia ting cua moment ubn 1én nhat va moment uén dinh
vom, ti¢ AM = Muax — M(0). Theo vi du tinh trén day thi AM = 271,10 -157,86 = 113 ,24 kG.m.
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ABSTRACT
Calculation of two-layer pressure tunnel, round section,
inner layer with varying thickness at the bottom

Nguyen Xuan Man'*, Nguyen Thanh Nam, Nguyen Duyen Phong?
'Hanoi University of Mining and Geology
2Technical Infrastructure Agency, Ministry of Construction

The paper presents an approach in calculating the anti-structure of pressure tunnels. The tunnel
constructure consists of two layers, a circular section, an inner layer with varying thickness at the bottom.
The problem is considered in the polar coordinate system O(r, 0). The thickness deviation of the shell is
characterized by the quantity 8. The problem is solved by the small parameter method. Calculated results
show that the bottom of the tunnel has a bending moment greater than 15+47%. On that basis, the
thickness of the casing should be increased to ensure durability and longevity.

Keywords: pressure tunnel structure, variable thickness, method of small parameters
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SUSTAINABLE DEVELOPMENT

Anh huéng cia &p luc né min dén tinh 6n dinh caa vé ham chinh
khi mo rong duong ham phu dy an ham Hai Van

Tran Tuan Minh®*, Bui Xuan Nam?, Tran Quang Hiéu?,
Nguyén Quang Huy?, V.I.Golik®
Trieong Pai hoc M6 - Pja chadt
2\/ign khoa hoc cong ngh¢é giao thong vdn tai
3Treong Pai Hoc M6 va Luyén kim Bdc Caucasus, Vladikavkaz, Russia

TOM TAT:

Céac duong ham giao thong xuyén nti ngay cang duoc phat trién va xay dung manh mé ¢ Viét Nam.
Céc duong ham giao thong xuyén ndi thuong dugc thiét ké ¢ dang ham déi (2 duong ham song song) va
chung dugc thi cong dong thoi voi nhau trong qua trinh thi cong dé nang cao toc do khai dao va xay dung
cac duong ham. Tuy nhién, trong thuc té do diéu kién kinh té va k¥ thuat nén c6 nhiing trudng hop chi
xay dung dugc mot duong him don, theo thoi gian mat d6 giao thdng & cac him nay ting 1én va nd
khong dap tmg di yéu cau luu lugng xe ¢o qua lai trong ham nén yéu cau xay dung him méi bén canh
him cii 1a diéu can thiét va ngay cang duoc quan tm chd trong nhidu hon. Qué trinh nd min khai dao
hiam méi s& sinh ra mot &p luc séng nd rat 16n, né duoc tao tryuc tiép do suc ép cua san pham khi n ra
mbi trudng xung quanh va s& anh huong nhat dinh dén cac duong him cii bén canh. Bai béo gidi thiéu
viéc danh gia anh huong cua chin dong nd min khi thi cong duong ham méi bén canh dudng ham giao
thong xuyén ndi hién hiru dang st dung.

Tir khéa: Chan dong nd min, dudng ham, phuong phéap khoan né min, dudng ham cii dang ton tai.

1. Pat van dé

Hiéu qua cua cong tac nd min xay dyng hAm mai bén canh hdm cii hoic mé rong duong hiam thi céng
cii bén canh cac duong him giao thong xuyén nui cii nhu cac dudng ham duong sit doc tuyén Bic Nam,
duong ham giao thong qua déo Hai Vén ciing nhu cac dudng ham giao thdng mai dang trién khai nhu
him duong bo qua Péo Ca, hAm Cu Méng....ngay cang duoc quan tdm va chl trong hon trong bdi canh
phét trién giao thdng xuyén sudt trén truc Bac Nam két ndi va phat trién kinh té cua ca ba mién Béc-
Trung-Nam. Hién nay khi thi cong cac duong ham giao thong xuyén nii ¢ Viét Nam van thuong st dung
phuong phéap khoan nd min truyen thong (VG Trong Hing va nkk 1999, 2010 va 2012; L& Dinh Tan,
2000), phuong 4n nay co6 hiéu qua kinh té ciing nhu trinh d thi cong va tay nghe cling nhu hiéu biét cua
cac ky su ham vé phuong phap nay cua Viét Nam da kha tt. Viéc nghién ctu Chong giit 6n dinh khdi da
xung quanh cac duong ham giao thong ciing nhu dénh gia anh huong cua cong tac né min duong ham bén
canh dén cac cong trinh ngam 1an can ciing da dwoc quan tdm tir lau ¢ Viét Nam trong céc tai liéu
(Nguy&n Xuan Man, 2010; Pang Van Kién, 2014; Dam Trong Thing, 2014) ciing nhu cac tac gia trén thé
giai (Martin stolarik, 2008; Jens Anders Brenne, 2015; Jinxing Lai va nnk, 2015; Qingguo Liang va nnk,
2012; Manrym C.K va nnk, 2000). Tuy nhién, viéc nghién cuu thuong duoc phan tich thong qua anh
hudng cua séng chan dong dén d6 6n dinh cua cong trinh, & Viét Nam méi chi c6 tiéu chuan danh gia
song chan dong né min dén cac cong trinh trong linh vyc khai thac mé Lo thién (QCVN 02:2008/BCT),
con viéc danh gia anh huong chan dong do ndé min dén cac cong trinh ngam l1an can thi con chua dugc
chi trong. Gan day, mot s6 Cac tac gia trong nudc ciing quan tim nhiéu dén van dé nay, c6 thé ké dén nhu
céc tac gia (Nguyén Xuan Man, 2010; DBang Van Kién, 2014, 2015; Bam Trong Thing, 2014, 2016). Tuy
nhién, chwa c6 tic gia nao di xem xét thiét 1ap méi quan hé giira cac gi tri chan dong khi né min thi cong
dudng ham méi bén canh dén cac dich chuyeén, bién dang cua duong ham cii dang ton tai dé tir do dua ra
dugc céc giai phap nd min hop Ii tranh nguy hai dén két cdu va viéc van hanh binh thudng ham cii. Trong
bai viét nay gidi thiéu viéc nghién ciru danh gia anh huéng cua &p lec nd min dén su 6n dinh cua két cau
vo ham chinh (ham cii) trong du 4n mo rong dwdng ham phu qua Béo Hai Van.

*Tac gid lién h¢
Email: tuanminhhumg@yahoo.com
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2. M hinh phan tich s6 cho trudong hep né min mé réng dwong ham bén canh ham cii dang van
hanh twong tw nhw diéu kign dwong ham Hai Van

Gia sir trong trudng hop phan tich anh huong caa nd min mé rong duong ham cii dén sy 6n dinh cua
v6 ham cii dang ton tai véi diéu kién tuong tu nhu him duong bo qua déo Hai Van.

Pham vi dy an: Chiéu dai ham chinh: 6280m, cau va duong dan dai 1653m.

Quy mb va tiéu chuan ky thuat: Quy mé cong trinh: ham va cac cong trinh trén tuyén dugc thiét ké
vinh ctru bang BTCT va BTCTDUL.

Ham chinh dai 6.280m, mat cat ngang hinh vom dién tich 89m?, day vom la mat duong 6 t6 2 lan xe
(mdi lan rong 3,75m va 1,25m I& tranh xe).

Chay song song cach ham chinh 30m 1a ham lanh nan (con goi la ham thoét hiém) dai 6.286m, mat cat
ngang dién tich 15,5m2. N&i giita ham chinh va ham thoat hiém la 10 ham ngang déu c6 mat cit ngang
dién t|ch 15,5m2. Hé thong thdng gié gém hé théng quat phan lyc v6i mot ham thong glo tryc tiép tir dinh
deo xuong quang gitra ham chinh véi chiéu dai 1.887m va 3 ham loc bui tinh dién, m&i him dai 153m,
mit cat ngang dién tich 57,5m2

Hinh 1. Phai canh 3D du &n ham dwong bé qua déo Hai Van noi Thira Thién Hué va Pa Nang

O day bai toan sir dung md phong chiéu rong dudng him 13m, chidu cao 9m va hai dudng him cach
nhau 30m tinh tir tdm cta hai dwdng ham. Po duong ham cé chiéu dai 16n di qua nhiéu loai dit d4 khac
nhau, & trong nghién ctu s nay st dung phan tich bai toan trong I6p d4 c6 RMR = 60 - 80, dudng ham
phu véi chiéu rong 1a 5,3m va chiéu cao 4,5m. Do chiéu dai dudng ham thay d6i nén ¢ dy lua chon doan
chiéu dai co do sau du 16n so véi bé mat. Puong ham cii dang van hanh str dung vo ham bé téng cdt thép
véi chiéu day vo chdng 35cm, cdt thép d = 22mm, budc cdt thép 20cm. Muc dich ciia viée nay 1a dé chan
dong né min khi mé rong ham phu khéng anh huong dén bé mat dat. So do bai toan phan tich trong
truong hop nay dugc md ta nhu hinh 1. Kich thudc mé hinh sir dung ¢ day véi chiéu rong 1a 125m, chiéu
cao la 90m.

Pé tinh toan ap lyc nd twong duong dua vao mo hinh ngudi ta sir dung cong thic tinh toan &p luc nd
tuong duong theo biéu thic sau:

p = 0,00337pV2 1)

trong do:

p - &p luc nd tinh bang psi;

p - ty trong cuia thuéc no;

V - tbe d6 nd fps.

Hinh 2. M6 hinh phan tich s6
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Gia sir khi nd min m& rong hét guong duong ham phu thi qué trinh nd min s& tao ra mot &p luc no tac
dung Ién bién ctia duong ham. O day ching ta gid thict ap luc no ¢ dang phan bo deu Ién bién trong cia
duong ham phy, so d6 phén b6 &p luc nd twong duong dugc mo ta nhu trong hinh 2.

a) vi du méf héng 16 khoan chua nap b) &p lrc nd min dugc md phong

thubc né min mo rong ham phu ~trong céc 16 khoan khi ndé min
Hinh 2. Vi du md phong né min mg réng ham phu
e e

Hinh 3. M6 phang &p luc né min mo réng ham  Hinh 4. M6 phang &p luc né min ma réng ham phy véi
phy véi ap luc né twong duong 20MPa ap luc no twong duwong 15MPa

a) ap luc n6 20MPa b) &p lrc nd 15MPa ¢) &p luc né 10MPa
Hinh 5. Vi du si thay déi &p lic né min ¢ dwrong ham phu can mé réng

Gia sir hién tai chua x4c dinh duoc 4p lyc né min & hAm phu t6i da bang bao nhiéu s& khdng gay anh
huong dén d6 on dinh cua vo ham cii dang van hanh. Bang md phong ching ta s& 1am nhiéu md hinh voi
viéc thay d6i &p luc nd twong duong tac dung lén thanh ham phu. Bang viéc xem xét sy thay di cac gia
tri noi lec trong vo ham chinh cling véi su thay déi &p luc nd va céc gié tri ndi luc ban dau khi chua nd
min mé rong ching ta c6 thé xac dinh dwoc gia tri p luc nd min nho nhat khéng gay anh huong dén vo
ham chinh. Két qua phan b @ng sui bién dang xung quanh duong ham phu mé rong va ham chinh khi
thay doi cac gia tri 4p luc nd min twong dwong duoc md ta nhu trong hinh 6, 7.

a) phan b ung suat thang dung

b) phan b6 tong chuyén vi

Hinh 6. Két qua phan ba iing sudt - chuyén vi sau phan tich khi ma réng ham phy véi ap luc né neong
duong gia thiet 10MPa
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a) véc to dich chuyén sau né min b) viing pha huy do né min ham phu

Hinh 7. Két qua véc to dich chuyén tong thé va viing phé huiy xung quanh ham phu véi &p luc né min gia
thiet 10MPa

D¢ danh gia sy thay doi ngi luc trong vo chdng cii ching ta thiét 1ap biéu do sy thay doi cua gia trj 4p
lyc n6 min va gia tri noi lyc trong vo ham twong tng. Két qua dugc md ta nhu trong hinh 8.
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Hinh 8. Su thay déi céc gié tri néi luc trong vo ham chinh khi thay doi gia tri &p luc né va truong hop
chwa né min mé rgng ham phuy

Quan sét cac két qua thiét lap dugc trong cac hinh 8 cd thé thay rang khi nao céc gié tri noi luc (M, N,
Q) trong vo ham chinh (ham cii) t1en st vé gid tri cua cac gia tri noi luc nay khi chua mg rong ham phu
thanh ham moi thi gia tri 4p luc nd min tuong duong dé dugc xem la gia tri tbi wu. Bang cac két qua
nghién ciru chi ra rang khi &p luc n min twong duong sdp xi 7MPa thi c4c gi4 tri, ciing nhu quy dao cua
cac gié tri noi luc mai (M, N, Q) hinh thanh trong vo him chinh s& tién séat vé gia tri nay khi chua dao mé
rong him. Trong truong hop nay, gia tri &p luc nd nay duoc goi la gié tri &p lwc nd min t6i wu.

Tuy nhién, day la viéc nghién ciru trong truong hop nd min ddng thoi véi gia tri ap luc nd tuong duong
I6n nhét 1a 7MPa. Trén thuc té c6 thé su dung thém cac cong nghé nd min, giai phap nd min khac de dam
bao gié tri ap luc nd min trén bién duorng ham phu ¢4 gié tri nho hon TMPa s& cang lam tang tinh 6 6n dinh
cua duong ham chinh. Bién phap nay c6 thé 12 né min vi sai nhiéu cap, nhiéu dot hoic diéu khién huéng
ctia séng N min vé phia bén trai ngurgc chidu véi hudng vo ham chinh s& cd thé thu dugc két qua cao hon
nira.

5. Két qua do dac va né min thuc té

Béng cac giai phap khoan n6 min tao bién va diéu khién né thuc té, két qua nd thyuc té thay rang rat kha
quan. O day str dung céac thdng so khoan n6 min mé rong duong ham phu Hai Van nhu bang 2.
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Bang 2. Cac thdng sé né min thi cdng mo réng ham phy Hdi Van

STT Thoéng sb Ky higu Gia tri Pon vi
1 [ Chiéu sau 15 khoan Lk 13 m
2 Puong can chén tang W 0,8 m
3 | Chitiéu thuoc no don vi q kg/m3 0,8
4 Tong khoi lugng 1 1an no Q kg 42,75
5 | S6 lugng 16 khoan trén guong N 98 Lo
6 | Chiéu dai thudc n6 nhom pha Lo 0,6 m
7 | Chiéu dai bua hang pha Lop 0,7 m
8 | Chiéu dai nap thuéc nhom bién Lo 0,3 m
9 | Chiéu dai bua nhém 15 min bién Lo 1,0 m

1.30

THEOK-K

PRFEPAAYIINE
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Hinh 10. So d6 bé tri kip vi sai phi dién trén guwong ham

6. Két luan va kién nghi

Két qua nd min cho thay, day la viéc nghién ctru trong trudng hop nd min dong thoi voi gia tri &p luc
no tuong duong 16n nhat 1a 7MPa. Trén thuc té c6 thé sir dung thém Ccéc cong nghé no min, giai phap no
min khac de dam bao gia tri ap lyc nd min trén bién duong ham phu €0 gi4 tri nho hon 7MPa s& cang lam
tang tinh 6 6n dinh cua duorng ham chlnh Bién phap nay c6 thé 1a nd min vi sai nhiéu cap, nhiéu dot hoac
diéu khién hudng ciia séng nd min vé phia bén trai ngugc chiéu véi huéng vo ham chinh s& c6 thé thu
dugc két qua cao hon nira.

Cén thiét phai tinh toan, xdc dinh cc thong s6 khoan né min hop 1y, ph hop véi diéu kién tu nhién
cling nhu dép umg duoc yéu cau ky thuat cong tac nd min dao céc cong trinh ham cu thé.

bé nang cao hi¢u qua nd min can sir dung cac so dd nd min vi sai véi phuong tién nd phi dién va lya
chon diém khai né hop 1y dé giam thiéu va triét tiéu cuong do séng chan dong.
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ABSTRACT
The effects of the blasting pressure values on the stability of linings
during expansion auxiliary tunnels in Hai VVan pass project

Tran Tuan Minh®*, Bui Xuan Nam?, Tran Quang Hieu?,
Nguyen Quang Huy?, V.1.Golik®
'Ha Noi university of mining and geology, Viet Nam
2Institute of transport science and technology, Viet Nam
North-Caucasian Mining and Metallurgical University, Vladikavkaz, Russia

Transported tunnels are widely developed and built in Viet Nam. Transported tunnels are usually
designed with twin tunnels (two parallel tunnels) and they are driven at the moment curing excavation to
increasing the speed of excavation. However, in the fact because of technic-economical conditions one
tunnel is excavated and following the future we are going to expand tunnels or build new tunnels near the
old tunnels. Today, drilling and blasting method is used for many cases during tunnel excavation.
Vibration is released in the processing of blasting that has influence on the supports of old tunnels. This
paper introduces assessment the values of vibration of blasting waves on the stability of tunnels during
excavation new tunnels near the existing tunnels.

Keywords: Blasting vibration, tunnels, drilling and blasting method, existing tunnels.
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PARHSCENCESAD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctiru anh huong tham sé chiéu dai va du tng luc ciia neo cap
dén do on dinh caa khoi da xung quanh duong 10
Pham Thj Nhan®*
Trirong Pai hoc Mo - Pja chadt

TOM TAT

Nhitng nim gan ddy trong cong tac chdng 10 cho thay két cau chdng truyén thong dang duoc dan thay
thé bang cac vat ligu chdng méi co higu qua cao, dac biét 1a khdi lugng mét 10 chdng neo ting hang nam.
Vi vay viéc nghién ciru anh huong cua cac tham sb neo cap trong té hop kee neo + neo cap nang cao d
6n dinh duong 16 ¢o y nghia thuc tién. Bai bao gidi thiéu két qua khao sat trén phan mém FLAC3D 5.01
v6i tham s 14 d6 dai neo cap va du tng luc neo cép. Két qua khao sét chi ra rang: Khi chidu dai neo cép,
du &ng luc neo cap tang dién tich ving phé hoai déo c6 xu hudng giam nho, tuy nhién khi chiéu dai neo
cap, dy ung luc neo cap dat dén giGi han nhét dinh ving bién dang déo & bién 10 giam nho va hau nhu
khong bi anh huéng bai yéu td chiéu dai neo cap, du wng luc neo cép nita. Su bién di chiéu dai, do Ion
du ng luc neo cap khong anh hudng dén quy luat phan bb déi xing qua truc dudng 10 cua ving phé hoai
déo. Boi vay trong qua trinh thiét ké can diéu chinh hai tham s nay dé t6 hop két cdu chdng neo + neo
cap c6 thé phat huy téi da hiéu qua chong gitr ma van dam bao tinh kinh té.
Tir khoa: Két cdu chng neo, neo cap, du ing luc neo cap, chidu dai neo cap, viing bién dang déo.

1. D3t van dé

Két cau chdng Neo 1a loai hinh két cdu chong chii dong ngay cang duoc ap dung phé bién trong chdng
gitt hién nay & cac mo than ham 16 néi chung (Kang Hong Pu et al, 2008, Famer I.W et al, 1980, R.R.
Reichert et al, 1991) va vung Quang Ninh néi riéng (Vinacomin, 2018, Vién khoa hoc c6ng nghé mo).
Viéc nghién ciru diéu chinh céc tham sb két cau chdng neo dam bao sy phéi hop 1am viéc trong to hop két
ciu chéng neo + neo cap dé phat huy hiéu qua chdng giir cao nhat trong diéu kién dia chat mo ham 1o
viing Quang Ninh hét sirc can thiét. Mot s6 nghién ciru trong nuée trude day (Lé Van Cong va nnk, 2016)
cho thay kha niang ap dung t6 hop két ciu chong gitr neo+neo cap khdng nhiing phét huy téi da nhing vu
diém cua ting loai neo ma con dam bao an toan giam gia thanh mét 10. Tuy nhién trong bai bao nay tac
gia chi tap trung phan tich nguyén ly lam viéc cling nhu hi¢u qua kinh té ma chua tap trung phan tich cac
tham s6 co hoc kh01 d4 xung quanh dudng 10 chéng gitr bang té hop neo+neo cap. (Pao Viét Boan, 2016)
sir dung phan mém flac phan tich danh gia dic trung phan bd (ng suit dat d4 xung quanh duong 10 khi
thay ddi gié tri cua dy tng luc vi neo. Tuy nhién cac két qua phan tich tir mé hinh sé nay chua néu ré diéu
kién dia chat bao gom cac 1op dét da tinh chat co ly dat da, thé nam, do sau..vv.. va diéu kién bién khi xay
dung dugc md hinh. Viéc danh gia hleu qua gia c6 cua to hop két ciu chdng neo+vi neo chi don thuan
dya trén viéc hinh thanh ving ung suit nén ép xung quanh duodng 1o chua c6 két qua mang tinh dinh
luong. (Pham Thi Nhan va nnk 2016) sir dung phuwong phap sé6 md phong duong 10 -550m, chong giir
bang t6 hop két ciu chdng neo + neo cap. Két qua khao sat cho thdy dé sdu c6 anh huang rt 16n dén su
phan b ng suét trong khdi da xung quanh dudng 10, d6 sau dat duong 16 khong 1am anh huéng dén quy
luat phan bé ddi xirng caa viing phé hoai déo qua truc dudng 10 nhung khi d6 sau ting 1én dién tich ving
phé hoai déo c6 xu huéng ting 1én, ving phé hoai déo bit ngudn tir géc nén 16 va lan dan ra giira nén 10,
d6 sau cang 1én viing phé hoai déo & nén 16 cang I6n. Tuy nhién trong bai b4o nay tac gia chua chi trong
phan tich cac tham s6 két cau chong anh hudng dén 6n dinh dwong 10. Xuét phat tir nhiing ton tai trén bai
V|et dya trén tai liéu dia chét 16 khoan thdm do mo than khe cham Il- IV tai do sau -514m, thdng qua phan
mém flac 3D5.01 tién hanh mo phong sé danh gia anh huong tham sb dy ung luc va chiéu dai neo cap
dén hiéu qua chdng giir duong 10.
2. Mb hinh s

2.1. Md té mo hinh sé

1) Biéu kién bién cua bién trai phai md hinh st dung didu kién chuyén vi, iy V=0, Ux=0 (thi véc
to van toc theo phuong ngang va chuyén vi binh quan 14 0), Vy =0, Uy=0 (Vy, U, phan biét 1a véc to
van tdc theo phuong dung va chuyén vi theo phuong dimg), nhu vay bién trai va phai mé hinh Ia bién
gigi han ché don.

*Tac gid lién h¢
Email: nhanthipham.humg@gmail.com
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2) Pay mé hinh s& 1a ¢4 dinh déu phuong ngang va phuong dung, lay Vi = 0, Vy = 0, Ux=0, Uy=0, thi
bién gi¢i day mo hinh 1a bién gi6i han ché toan bo, md hinh bai toan véi cac diéu kién bién dugc thé hign
nhu 1 (a). M6 hinh vt 1y nhu 1 (b) thé hién, md hinh tinh toan &p dung tiéu chuan pha hay Mohr-

Coulomb.

PR R T
i Bot két g i
%:,_C Cat két § D_CEE

\‘ o
go—‘: Sét két % D—CE

otké g

IR
a) 40000 b)

Hinh 1 M6 hinh s¢ a) Diéu kién b) M6 hinh khi chay

M0 hinh vat ligu: M6 hinh Mohr-Coulomb, Trong mé hinh dan hoi déo Mohr-Coulomb cac tham s6 co
hoc vat ly da 1a m6 dun cat (shear), mét do (density), mo dun thé tich (Bulk), goc noi ma sat (friction), luc
dinh két (cohesion); trong d6 m6 dun cat S va mé dun thé tich By, ¢4 thé lay dua vao cdng thirc sau:

__E (1
21+ p)
___E

" 301-2uw) (2)

Trong d6: E - mo6 dun dan hoi cua dat, da; p - Hé s6 poisson cua dat da.
2.2. Céc tham sé co hoc cac ldp dd, than

M@ hinh dwoc xay dung trong diéu kién dia chat mo Khe Cham II-IV, dwong 16 dwoc dat trong I6p dat
da cat két hat nho & do sau -514m, vai d6 bén nén don tryc trung binh 16p da vao khoang 23+29 MPa,
thuoc dién da mém. Trén thyuc té Mo chua khai thac dén do sdu nay nhung tir tai liéu dia chat 15 khoan
tham do hoan toan du co s& dit liéu dé tién hanh md phong sddudng 10 vai loai hinh két cau chéng duoc
khao sat I két ciu chéng phéi hop neo + neo cép.

Duong 16 khai dao c6 hinh dang tuong thing vom bén nguyét, chiéu rong duong 16 5,2m, cao 3,5m.
Trong md hinh FLAC3D toa d6 chon nam trén trung diém cta nén 10,cac hé truc toa do liy nhu sau: Truc
vudng géc vai truc duong 10 1a phuong ngang X, truc duong 10 la truc Y, cao do duong 10 1a truc Z; truc
X md hinh lay tir diém gdc toa do sang hai bén trai phai mé hinh la 20m, doc theo truc duong 10 (phuong
Y lay 3, 2m, theo phuong duong truc Z lay 22m, theo phuong am tryc Z ldy 10m, hai mat bén va mat dudi
ap dung gdi ¢6 dinh, mat trudc va sau ap dung gbi truot di dong, md hinh da mém & trang thai can bang
gom 14860 nut va 11592 don nguyén. Chiéu day va tinh chit co hoc cac I6p dat da trong mé hinh dugc
thé hién trong bang 1.

Bang 1. Thong sé co Iy cdc I6p dd trong mé hinh

Lép Chiéu | Dungtongy | Pobénnén | Géc ma sat | Lucdinh két | Do bén kéo
day (m) (glcm?3) (kG/lcm?) | trong o (d9) ¢ (kG/cm?) (kG/ecm?)

Bot két 4 2,72 233 54,78 39,5 25

Sét ket 6 2,76 302 70,06 40 32

Caét két 12 2,73 308 69,92 41 31

Bot két 10 2,72 233 54,78 39.5 25

Do sau tinh tir bién trén mo hinh 1a -492m, khi chay m6 hinh di xem xét dén ng suit cau tao, hé sb &p

lyc hong lay 1a 1.

3. Két qua phan tich s6

Ly hinh thirc chdng giir neo+Neo cép 1am két ciu chdng dién hinh dé nghién ctru. Trong d6 cac tham
s6 khao sat 1a do dai neo cap va du ung lyc neo cap. Nghién ciru dudi cac diéu kién chong gitr khac nhau
quy luat pha huy va blen dang trong da mém, mdi nhan t6 lya chon 4 cap do khao sat, tong cong thanh lap
8 md hinh cac tham s chinh trong md hinh thé hién nhu trén bang 2.
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Bang 2. Bang gid tri tham sé cia mo hinh

Nhan tb anh hwéng Tham s6 mé hinh
Chiéu dai neo cép (m) 4 6 8 10
Du ung luc neo cap/t 8 10 12 14

3.1. Phan tich dnh hwéng chiéu dai neo cdp d@én hiéu qud gia cé
Phan b chuyén vi dung khdi d4 khi chidu dai neo cap thay ddi thé hién nhu hinh:

Hinh 2. Phan bo chuyen Vi theo phirong thang dimg khi chiéu dai neo cdp thay déi a) 4m b) 6m c)8m
d)10m

Phan tich hinh 2 c6 thé thay: khi chiéu dai neo giit nguyén 1a 2m nhung tri sé du wng luc neo cép thay
dbi, sy thay ddi nay c6 anh huéng téi chuyén vi dung trén bién 10. Khi chiéu dai neo cép cang ln thi
chuyén vi néc va nén trén bién 10 cang giam cu thé 1a khi chiéu dai neo cap tang theo bién do 2m tir 4m
+10m thi chuyén vi néc 10 giam lan luot 1a: 38,13mm, 31,01mm, 26,6mm va 23,5mm, va chuyén vi nén
16 giam 1an luot 1a: 19,55mm, 16,3mm, 14,6mm va 12,47mm.

Su thay dol Chleu dai neo cép khong anh huong dén quy luat phan b6 chuyén vi noc va nén, ma chi cé
anh huong Vé tri s6 16n nho. Quan hé gitra chleu dai neo cap va chuyén vi ding noc, nén 1o thé hién trén
hinh 3 theo phuong trinh ham bac 2 véi hé s tuong quan 1a 0,999. Quy luét bién d6i chuyén vi noc va
nén 1o khi chiéu dai neo cap thay doi 1a kha dong nhét, giam nhanh trong giai doan dau va cham dan khi
chiéu dai neo cap dat dén mot gid tri nhat dinh.

45 —=—Dich chuyén néc 7 -
gﬁg y=0.251x2-5.9302+57.77 % 6 W=-0.02323+ 069812 - 6.873x+ 23.97
H31 R?=0.999 55 ¢
= =
o wd -
& 24 y=0.10622-2 682x+ 28 61 & ;
) 2= = B
EYE E2=0999 ﬁ .|
° . ) . 5

].0 5 1 1 | |

4 6 .. .8 10
Chieu daineo cip /m 1 chiaéu daineo c-.ig,‘m 10

Hinh 3. Quan h¢ giza chiéu dai neo cap va chuyén Hinh 4. Quan h¢ giira di¢n dich viing déo va
Vi ding tai néc-nén 1o chiéu dai neo cap

Tuong tu trich xuat két qua chuyén vi hdng nhan thiy khi chiéu dai neo cap thay doi véi bién do ting
1a 2m lan luot 1a: 4m, 6m, 8m va 10m thi lugng chuyén vi hoi tu lon nhét hai bén hong 10 lan luot Ia
45,8mm, 37,06mm, 31,76mm va 28,1mm. Nhu vay khi chiéu dai neo cép cang 16n cang c6 tac dung han
ché chuyen vi ngang, tuy nhién khi chiéu dai neo cap dat dén mot tri s nhat dinh tac dung han ché
chuyén vi s& cham lai.

Két qua sy phan bd tng suat thang dung cua khéi d4 xung quanh duong 1o khi chiéu dai neo cap thay
ddi thé hién trong hinh 4. C6 thé thay rang & néc va nén 10 tng suit déu & {trang thai keéo, khi chiéu dai
neo cap thay dbi khdng lam bién déi nhiéu dén viing giai phong ing suit & nén va néc 10.
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Hinh 5. Phan b ing sudt thang ding cia khdi dé xung quanh dwong 10
khi chiéu dai neo cdp thay déi a) 4m; b) 6m; c) 8; d)10m

Ddng thoi véi s giai phong (ng suat & néc va nén 10 thi & vi tri hai géc nén 16 ¢6 su tap trung tng
suat, khi chiéu dai neo cap tang 1én thi gia tri tng Suit tap trung nay ting dan theo, tuy nhién dién tich
viing tap trung &ng suat lai thu hep. Khi chiéu dai neo cap tang véi bién do trung binh la 2m thi gid tri tng
suit thang goc tap trung Ion nhét lan luot 1a: 25,32MPa, 29,73MPa, 32,33MPa va 32,91MPa. Khi chiéu
dai neo cép cang l6n viing tap trung tng suat nay c6 xu huéng tir phan sau khéi da tinh tién dan vao bién
10. Phan b viing bién dang déo xung quanh dudng 10 khi chiéu dai neo cap thay déi nhu hinh 5.

3D 5.01 z .01 7 S07

Hinh 6. Phan bé ving déo cua khéi déa xung quanh dieong 10 khi chiéu dai neo cdp thay doi

Két qua thu dugc trong hinh 5 chi ra rang: (1) Khi chiéu dai neo cap ting 1én dién tich ving phé hoai
déo c6 xu huéng giam nho. Su bién d6i chiéu dai neo cap khong anh huéng dén quy luat phan bo doi
xang qua truc dudng 10 cua vang pha hoai déo. (2) Khi chiéu dai neo cap nho nhat 4m 1 thi ving pha
hoai déo phat trién manh mé nhét, chiéu day I6n nhét vang phé hiy déo & noc, hdng va nén 10 lan luot la
0,4, 0,5m va 0,9m. Khi chiéu dai neo cap ting lén 10m thi chiéu day ving pha hiy déo giam dang ké
khoang chiéu day viing pha hoai déo & néc, hai bén hong va nén 16 1an luot la 0,2m, 0,3m va 0,4m. Khi
chiéu dai neo cap ting 1én >8m thi bién dang déo & bién 10 giam nho va hau nhu khong chiu bj anh huong
bai yéu t6 chiéu dai neo cap nira. (3) Dua trén dir liéu két qua trich xuét tir mé hinh sé tién hanh thong ké
dién tich viing pha hiay déo cua khoi d4 xung quanh duong 10, khi chiéu dai neo cap tang 1én, dién tich
viing déo twong tng Véi 4 truong hop md hinh lan luot 1 6,15m?, 2,8m?, 1,65m2 va 1,57m2 C6 thé thiy
khi chiéu dai neo cap thay ddi tir 4+8m dién tich vang bién dang déo thay ddi nhiéu, tuy nhién khi gia tri
nay dat dén gié tri du I6n I6n hon 8m thi dién tich ving déo gan nhu 1a khong chiu sy anh huong cia
chiéu dai neo cap. Quan h¢ giira chiéu dai neo cap va dién tich viing déo khdi da xung quanh duong 10
theo phuong trinh bac ba véi hé sé tuong quan 14 1, thé hién nhu trén hinh 6.

3.2. Phan tich dnh hwéng du iing liee neo cdp dén hiéu qud gia cé

Trong két cau chdng lién hop neo+neo cap thi du tng luc 1a mot nhan té hét suc quan trong, chi khi du
ng luc di 16n thi méi cé thé hién thuc hda muc dich chdng giir chu dong, nang cao du tng luc neo, neo
cap la bién phéap chéng gitr hiéu qua nhét cai thién dét da.

Phan b chuyén vi theo phuong dung cua khdi da khi dy @ng luc neo cap thay déi thé hién nhu hinh 6.
Két qua phan tich sé cho thay khi chiéu dai neo cap giit nguyén nhung tri s6 dy tng luc neo cap thay ddi,
sy thay ddi ndy c6 anh huéng t6i chuyén vi dang trén bién 1. Khi du ang luc neo cap cang Ién thi chuyén
vi néc va nén trénbién 106 cang giam cu thé 1a khi dy ung luc neo cap ting theo bién do 2t tir 6t <12 t thi
chuyén vi néc 10 giam lan Iuot 1a: 41,6mm, 35,4mm, 31,1mm va 27,9mm, va chuyén vi nén Io giam lan
luot la: 21mm, 18,3mm, 16,3mm va 14,2mm.
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Hinh 7. Phan bo chuyeén vj thang du’ng khi di itng luec neo cap thay doi a) 6t b)8t C)lOt d)12t

Sy thay ddi du ng luc neo cap khong anh huong dén quy luat phan b chuyen vi noc va nen ma chi
c6 anh huéng Vé tri s6 16n nho. Quan hé giita du tng Iuc neo cap va chuyén vi dirng néc va nén 16 thé
hién trén hinh 8 theo phuong trinh ham bac 2 véi hé sé tuong quan 1a 0,999va 0,998. Quy luat bién ddi
chuyén vi néc va nén 10 khi dy tng luc neo cap thay do6i 1a kha dong nhit. Phan bé viing bién dang déo
khéi da xung quanh dwong 10 khi du eng luc neo cap thay ddi nhu hinh 9.

B —s=—Dich chuyén noc ——Dich chuyén nén NE 9 -,
38 y =0.1875x%- 5,645x + 68,68 E 7+ y=O_203X2 -4 803x+ 3024
E R*=0,9997 s 2
£ oD R2=0.996
£ 31 =] 5 L
= E
=
524 | ¥ =0,0375x2- 1,795x+ 30,38 5
B R*=0,9987 = 3 r
5 =
17 [k
5 1 1 1 |

=
S]
Lo

3 10 12

6 8 10 12

Du ung luc neo cap/t D fmg lycneo Cépf't
Hinh 8. Quan h¢ giira du 1ing luc neo cap va Hinh 9. Quan hé¢ giéra dién dich ving déo va
chuyén vi dirng tai néc-nén 10 chiéu dai neo cap

Hinh 10. Phan bo viing déo cia khoi da xung quanh dwong 10 khi due ing liee neo cdp thay déi a) 6t b)8t
c)10t d)12t
Phan tich hinh 8 nhan thiy: (1) Khi dy ng lyc neo cap ting Ién dién tich ving phé hoai déo c6 xu
huéng giam nhé. Su bién déi gia tri du tng luc neo cap khong anh hudng dén quy luat phan bé déi xung
qua truc duong 16 cia ving phé hoai déo. (2) Khi dy tng luc neo cép nho nhit 6t 1a thi viing pha hoai déo
phét trién manh m& nhit, chidu day 16n nhét viing pha huy déo ¢ néc, hdng va nén 16 lan luot 12 0,5, 0,6m
va 1,5m. Khi duy ng huc kee neo tang 1én 10t thi chiéu day vang phé hiy déo giam dang ké khoang chiéu
day ving phéa hoai déo & néc, hai bén hdng va nén 10 1an luot 13 0,3m, 0,4m va 0,6m. Khi dy @ng luc neo
cap tang 1én >10t thi bién dang déo & bién 16 giam nho va hau nhu khong chiu bi anh huéng boi yéu té duy
g luc neo cép nira. (3) Dya trén dir lidu két qua trich xuat tir md hinh sé tién hanh théng ké dién tich
viing pha hay déo cua khdi da xung quanh duong 10, khi tri sé du tng luc neo cép tang 1én, dién tich ving
déo twong trng vai 4 trudng hgp mo hinh lan luot 12 8,83m?, 4,64m?, 2,8m?va 1,87m2 Co thé thay khi du
g luc neo cap thay doi tir 6+10t dién tich ving bién dang déo thay ddi nhiéu, tuy nhién khi gié tri nay
dat dén gia tri du I6n 16n hon 10t thi dién tich viing déo gan nhu 1a khong chiu sy anh huéng cua dy tng
lyc neo cép. Quan hé¢ giira dy wng luc neo cap va dién tich ving déo khdi da xung quanh duong 10 theo
phuong trinh bac hai vai hé s6 tuong quan 1 0,996, thé hién nhu trén hinh 8.
4. Két luan
Tir cac két qua phan tich & trén ta riit ra mo s6 nhan xét sau:. Su thay doi chiéu dai neo cap khong anh
hudng dén quy luat phan bd chuyén vi néc va nén, ma chi cé anh husng vé tri s6 16n nho. Quan hé giita
chiéu dai neo cap va chuyén vi theo phuong thang dung ndc, nén 1o blen d6i theo phuong trinh ham bac 2
VGi hé s6 tuong quan 1a 0,999. Quy luat bién déi chuyén vi néc va nén 16 khi chiéu dai neo cap thay doi la
kha dong nhét, giam nhanh trong giai doan dau va cham dan khi chiéu dai neo cap dat dén mot gid tri nhat
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dinh. Khi chiéu dai neo cap ting lén di¢n tich ving pha hoai déo c6 xu huéng giam nho. Tuy nhién khi
chiéu dai neo cap tang dén gisi han nhit dinh thi viing pha hoai déo hau nhu khong thay d6i nhiéu nira.
Su bién doi chiéu dai neo cap khong anh huong dén quy luat phan bd ddi xing qua truc duong 10 cia
vung pha hoai déo.

Khi du tng luc neo cap ting 1én dién tich vaing pha hoai déo c6 xu huéng giam nho. Su bién doi gia tri
dy tng luc neo cap khong anh hudng dén quy luat phan bb ddi xang qua truc duong 16 cua vang phé hoai
dé0.C6 thé thay khi du ung luc neo cap thay doi kéo theo dién tich vang bién dang déo thay doi nhiéu, tuy
nhién khi gia tri nay dat dén gia tri du 16n thi dién tich ving déo gan nhu 1a khong chiu sy anh huong cua
du ng luc neo cép. Quan hé gitra dy wng lec neo cap va dién tich viing déo khéi d4 xung quanh duong 10
theo phuong trinh bac hai véi hé s6 tuong quan 1a 0,996. Nhu vay khéng phai chiéu dai neo cap va du
ng luc cang 16n cang c6 hiéu qua gia cd khéi da t6i vu ma doi khi con khong mang lai tinh kinh té. Vi
vy viéc g dung phuong phép s6 trong thiét ké két cau chéng neo+ neo cap la mang tinh thyc tién va
can thiét.

L&i cam on (néu cd)
_Tac gia chan thanh cam on su giup d& cua cong ty Tu véan dau tw moé va cong nghiép - VIMCC di cung
cap tai liéu ky thuat can thiét phuc vu cdng tac nghién cuu.
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ABSTRACT
Effect of anchor cable parameters on the stability of tunnel supported

by cable bolts
Pham Thi Nhan!
'Hanoi University of Mining and Geology

In the recent years, the traditional materials of the mining tunnel support have been gradually replaced
by new advantage materials. Besides, the number of anchor tunnel supports increased more and more.
Thus, the effects of anchorage cable characteristics on the stability of tunnel structures need to be
investigated. In this study, effects of the length and prestress of the anchorage cable were analyzed by
using FLAC3D 5.01 software. The results reveal that as the length and prestress of the anchorage cable
increased the plastic damage zone of the tunnel decreased. However, as the length and prestress reached
to the threshold value the plastic damage zone near the surface of the tunnel was almost no change and
was not influenced by changing these parameters. Moreover, the change in length and prestress of the
anchorage cable did not influence the symmetrical distribution of plastic damage zone about the center of
the tunnel. Thus, the length and prestress parameters of the anchorage cable in tunnel structure design
should be carefully adjusted to achieve both economic and structural stability advantages.

Keywords: Rock bolts, cable bolts, Prestressed cable support, cable support length, Plastic damage zone
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ERS @ 2 HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
N N A A - A A - - 1
Jpmsaences o A TAINGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién cuu quy luat bien dang pha huy khoi da xung quanh duong lo
trong qua trinh khai dao dudi sau
Pham Thj Nhan'*, Ngo Buc Quyén? Nguyén Tién Manh?
i }Trmhgg Bgi hoc M6 - Dja chat
2Cong ty ¢ phan tw van Pau tu-Mdé va cdng nghiép- Vinacomin

TOM TAT

Khéi da xung quanh cong trinh ngam dudi tac dung cua ap luc cao dudi sau, do diéu kién dia co hoc
khéc nhau dan dén qua trinh bién dang pha huy, cac dic tinh co hoc va phuong an két cau chéng khong
gidng nhau. Duya trén diéu kién 16 khoan tham do dia chat Mo than Khe Cham LK.GP-02 tinh tir muc -
300 tr& xudng, tai I6p da bot két & do sau -534m, thong qua phuong phap sé tién hanh nghién ciu cac
tham s6 nhu khoang cach diém xét t6i gwong 10, hé s6 &p luc ngang, tién hanh phan tich trang thai co hoc
khdi da trong qua trinh khai dao gdm dic trung ving déo, quy luat phan b ng suit va chuyén vi. Két
qua nghién cau cho thay ring trong qua trinh khai dao duong 10, gia tri binh quan ung suat chinh I6n nhat
va nho nhét tiry theo do sau thay di phét sinh su bién doi voi mie do khac nhau, chuyén vi ¢ hai bén
hong 10 16n hon 16 rét chuyén vi & néc va hong 10; khi hé sé 4p luc ngang ting dan dién tich ving déo
tang manh theo cp s6 nhan. Sy bién d6i dic tinh co hoc khdi da trong qué trinh khai dao nén duoc dic
biét chu y trong thuc tidn cong trinh dé c6 céac giai phap chdng gitr 6n dinh dam bao an toan san xuat.

Tir khoa: Vang bién dang déo, wng suit chinh, chuyén vi, hé sé ap luc ngang.

1. Pit véan dé

Hién nay viéc thiét ké cac duong 10 trong khai thac mo tuan theo cac quy dinh, hudng dan hién hanh
tuong ng voi cac diéu kién dia chat dia co hoc ma tai liéu khoan tham do dia chat cung cap, c6 két hop
thém cac kinh nghiém thiét ké thi cong. Tuy nhién trong thuc té diéu kién khai thac rat phic tap doi hoi
phuong an két cau chdng phai thay doi cho phu hop. Viéc phat hién pha hity sau trong khéi da rat kho
nhan biét nhung dich chuyén dat d trén bién 16 c6 thé thyc hién quan tric hién truong kém theo la chi phi
nhan lyc may mdc va thoi gian. Ngay nay cac phuong phéap s6 duogc sir dung nhleu thdng qua cac phan
mém cho phép thuc hién phan tich tham 50 bang su bién dong cua cac tham s6 dau vao tién hanh mo
phong va phan tich mot cach chi tiét hon vé trang thai tng suit-bién dang trong khdi da sau khi khai dao
va hiéu qua cua viéc lap dung két cau chdng ddi vai khdi da xung quanh dudng 10.

Viéc nghién ctru (ng sut - bién dang xung quanh cac dudng 16 trong qua trinh khai dao bang 15i giai
ly thuyét déng vai trd quan trong (Tran Tuan Minh va nnk, 2010, 2014; Nguyén Quang Phich va nnk,
2006). Mot s6 nghién ciru tinh toan va phan tich trude d6 thuong &p dung cho duong 16 dudi sau, tiét dién
tron trong diéu kién dat d4 dong nhat dang hudng, ¢6 biéu hién dan hoéi (Tran Tuan Minh va nnk, 2016).
Tuy nhién trén thuc té khai dao chdng giir duong 16 da phan cac duong 10 lai dugc khai dao chdng giir
trong khéi d4 c6 tinh chat phan 16p hoac dét da trén gwong 16 con cé tinh xen kep néu sir dung phan tich
bang giai tich s& rat kho khan. (Pao Viét Poan, 2015) st dung flac3d nghién ctru viing pha huy déo xung
quanh dudng 16 hinh tron duéi tAc dung cua truong (ng suat kién tao. Tuy nhién trong nghién ctu cua
minh tac gia khong néu r5 diéu kién dia chat va cac tham s co hoc dét da di keém, viéc phan tich chu yéu
chd trong phan tich ving pha hoai déo. (bao Viét Doan va nnk, 2014) cho rang xét & yéu t6 ap luc dia
tang thi cang xudng sau ap luc dia tang cang I6n va bién dang, ving pha huy déo xung quanh duong 1o
tang ty 1¢ thuan véi d¢ Ion cua ap luc dia tang. Tuy nhién cac két qua cua tac gid chi tap trung phan tich
quy luat thay d6i vé bién dang, chuyén vi ma chua dé cap dén quy luat ing. suét theo phuorng thang dung,
ngang, su tap trung &ng suét..... Hon nira cac két qua nay déu chi trich xuat ra & noc nén va hai hong 10,
yéu té 3D cuia Flac chua duoc tan dung khai thac hiéu qua.

(Pham Vin Thuong va nnk, 2015) trén co s& phan tich dich chuyén ciia bién duong 10, phdi hop st
dung chuong trinh Phase2 va do dich chuyén trong thuc té xay dung dwoc mdi quan hé gitra cac gia tri
dich chuyén ban dau (dich chuyén cho dén khi ldp dung két cau chong), dich chuyén I6n nhat trén bién 10
(khi khong c6 két cdu chdng), dich chuyén tai trang théi can biang (dich chuyén ¢ trang théi can biang &p
lyc va phan luyc gitra khéi da va két cdu chdng). (Tran Tuén Minh va nnk, 2016) gi6i thiéu viéc nghién
ctru xem xét trang thai ung suit bién dang trong khéi da xung quanh cac dudng 10 duge khai dao trong

*Tac gid lién h¢
Email: nhanthipham.humg@gmail.com
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khdi da phan 16p, dic tinh co 1y cua dat d4 ciing nhu goc nghiéng cua phan 16p va dic tinh co 1y trén bé
mit phan 16p da c6 anh huong I6n dén gié tri va quy luat phan b cua wng suat va bién dang cua dat da
trén bién va xung quanh duong 10. Tuy nhién cac phan tich cia (Pham Van Thuong va nnk, 2015; Tran
Tuan Minh va nnk, 2016) nay chi thyc hién trén mé hinh 2D, trong khi phia trudc guong 16 Gng suat bién
dang trong khdi da bién doi hét suc phirc tap, ngoai chuyén vi viéc phan tich viing bién dang déo khéi da
xung quanh dudng 16 ciing hét sic quan trong nhung chua dugc tac gia dé cap dén. (Tran Tuan Minh va
nnk, 2016) str dung phan mém Plaxis®® dé danh gia hiéu qua cua viéc str dung két cau chdng, tuy nhién
tac gia chi mai gigi han ¢ két ciu chong SPV-27.

Ké thira hudng nghién ciu ciia cac tac gia trén, nhom tac gia théng qua phan mém FLAC?® (ltasca
consulting group, 2009) duya trén diéu kién dia chit 16 khoan LK.GP-02 (-290+-583) M6 than Khe Cham
11-1V, véi tham s6 12 hé s6 &p luc ngang va cuong do sau gisi han bén téc gia tién hanh mé hinh sé qué
trinh khai dao duong 16 duéi sdu véi hinh dang miat cit ngang 1a hinh tron, két qua phan tich sé 1a céc quy
luat pha hity bién dang khéi da duong 16 dudi didu kién &p luc cao dudi sau.

2. M6 hinh sé

Do tinh phuc tap cua co hoc khdi da, néu mudn thanh lap dugc md hinh phan anh hoan toan dic trung
cAu tao dia chat Ia rat khé thuc hién (Nguyén Quang Phich, 2015). Dya vao nguyén tic md hinh sb, dé
dam bao tinh chinh xac, loai trir anh hudng cua didu kién bién co thé xuat hién trong qué trinh tinh toan,
thi mé hinh thanh Iap phai ¢6 kich thudce du 16n, kich thude md hinh lya chon 1a 45m>x40mx40m, ludi mo
hinh gdm c6 84240 don nguyén, hinh dang dwong 10 khai dao lwya chon 1 hinh tron, ban kinh la 2,1m.
Hinh anh mé hinh thanh lap nhu hinh 1 thé hién. Bé tri cac diém khao sat trén mat cat dat & gicta mo hinh
(trén mat phing YZ véi X=22,5m) bé tri diém khao sat, trong d6 phuong X 1a phuwong khai thac dudng 10,
trai phai la phuong Y, phuong thiang ding 1a phuong Z. Didu kién dia chit mo hinh dugc md ta trong
bang 1.

a)
45m
|

40m

zone
Colorby: Group
Defaullt
Bueng 16

i b

Hinh 1. M0 hin)h FLAC®P
Diéu kién bién md hinh Ia khdng cho chuyén vi day mé hinh, trudc sau trai phai va dinh mé hinh tién
hanh gia tai, trong do6 trudc sau trai phai la tdi trong ngang, dinh mé hinh la md hinh tai trong thang dimng.
Tai trong thang ding lay tai trong ban than tang dat da phua bén trén.
Bang 1 Thodng sé co Iy cdc I6p dd trong mé hinh

Lép Chiéu | Dungtongy | D¢ bénnén G6c ma sat Luc dinh kétc | Do bén kéo
day (m) (g/cm?) (kGglcm?) | trong ¢ (d6) (kG/cm?) (kG/cm?)
Bot két 40 2,72 233 54,78 39,5 25

Do séu tinh tie bién trén mé hinh 1a -492m, khi chay m6 hinh da
Xem xét dén trng suat cau tao, hé so ap luc hong lay la 1.

3. Két qua phan tich s6 ,
Ket qua md hinh so6 sy hinh thanh ving pha hoai déo cua khoi da
sau khi tién hanh khai dao duong 10 thé hién trén hinh.

Tir hinh V& trén c6 thé thiy trong diéu kién dia chat duoc mo ta,
tai 16p da bot két & do sau -534m sy phan bd ving bién dang déo
cua khdi da sau khi dao duong 16 c6 dic diém sau: Pham vi phé huy
& vi tri noc nén 10 va hai bén hong 16 c6 phan b dang ddi xtng,
phan bi pha hay nhiéu nhét tap trung hau hét héng 10, hinh thirc pha
hiy cha yéu la pha huy cat va truot. Dudi anh huong cua ap luc &
d6 sau -520m pham Vi viing anh huong cua ving deéo hai bén hong
16 nhé hon so véi néc va nén 10, trong d6 bé day vang déo phan biét

Hinh 2. Sy hinh thanh ving pha
hay déo sau khi dao guong
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)

1a néc nén va hai bén hong lan luot 12 2,0m, 2,0m va 0,8m.

_Phan tich trang thai co hoc ndi b khdi da khi nhan tai: Dudi tac dung ctia &p luc cao thi hinh anh phan
bo ng suat chinh khoi da xung quanh duong 16 nhu hinh 3 the hién, hinh 4 thé hién moi quan h¢ giita
ung suat chinh ¢ hai phia héng 10, n6c va nén 16 & d6 sau khac nhau bién d6i theo khau do khai dao
duong 0.

FLAC3D 5.01 FLAC3D 5.01
G, e cane e
ase

Hinh 3. Phan bé 1ng suat chinh khoi dd xung quanh duong 10
a) Ung suat chinh Ién nhat b) iing suat chinh nhs nhat
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Hinh 4. Quan h¢ bién doi giira khdu dé dao va img sudt chinh ciia dwong 10 & dé sau khac nhau
a) Hai bén hong 10 b) N6c 10
Trong qua trinh md hinh s6, mat cat bd tri diém khao sat nam & vi tri gitra doan khai thac, cu thé Ia khi
khau d¢ khai dao & khoang giira budc 12 -13 thi cach vi tri khai dao dau tién khoang 22,5m. Tur hinh anh
bién d6i tng suét 16n nhét trén hinh c6 thé thiy, trong qua trinh khai dao duong 16 dudi tac dung cia ap
lyc cao, guwong 16 khong ngung tién dén mat cat bé tri diém khao sét, tai cac do su khac nhau wng suat
chinh 16n nhét o1 cua hai bén hong 10, néc 16 phét sinh quy luat bién d6i. Ung suét chinh 16n nhét ¢ phan
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hong 16 duy tri xu huéng ting nhe sau d6 giam dan tir vi tri bit diu khai dao dén mat cit khao sat, bién do
tang khoang 5,0%. Bién d¢ ting trung binh cia ung suit chinh nho nhat I1a khoang 8%. Trong khi d6 &
néc 16 wng suit chinh 16n nhét tir vi tri bat ddu khai dao dén mat cit bd tri diém khao sat du tri xu hudng
tang, bién do gia ting binh quan 1a 4,5%, bién do tang binh quan cta tng suit chinh nho nhét 1a 14,5%.
Khi duong 16 khai dao dén mit cit b tri diém khao sét thi gia tri binh quan cua wng suat lon nhat ¢ hai
bén hong 16 va & ndc 16 phat sinh bién dbi voi bién d6 rat 16n. Ung suat chinh Ién nhat ¢ hai bén hong 16
tang dot ngot, lugng bién ddi 1on nhit dat dén 32,1MPa, bién d6 bién ddi 1a 2,4 1an gia tri tng suit chinh
nhoé nhat ciing phat sinh xu huéng gia ting, lvong bién ddi ting 1én 13,4MPa, bién d6 bién doi 12 18,3 lan,
su chénh léch giira tng suat chinh 16n nhat va &g suit chinh nho nhit 1a 18,7MPa, bién d6 chénh léch la
139%. Khi dwong 10 khdng ngimg khai dao vé phia trudc thi gia tri binh quan ang suat chinh & mit cat bd
tri diém khao sat s& giam, nhung gia tri binh quan giam khéng nhiéu, nguoc lai lai duy tri khong doi. Sy
phan tich ¢ trén cho thay, trong qué trinh khai dao duong 10, gia tri binh quan wng suét chinh 16n nhat va
gié tri binh quan tng suat chinh nho nhat phét sinh sy bién d6i ¢ cac mic d6 khac nhau tily theo do sau
khéi da khac nhau, véi bién d6 bién ddi lon nhat thuong 12 tng suit chinh nho nhat (o3).

Phan tich chuyén vi khdi da xung quanh dwong 10: Trang théi quy luat phan b ciia chuyén vi thang

g6c va chuyén vi trén bién 10 bién doi theo khau do thoi gian khai dao thé hién nhu hinh 5, hinh 6 va hinh
7.

Hinh 5. Chuyén vi ngang Hinh 6. Chuyén v thang ding
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Hinh 7. Quan h¢ giita khdu d@é dao va chuyén vi trén bién 10

Trén hinh 7 thay rang, dudi tc dung cua ap luc chuyén vi cia khdi da xung quanh duong 10 cho thay
xu huéng bién d6i nhu sau: Chuyén vi & hai bén héng 10 16n hon rd rét chuyén vi & néc va hong 10. Nhu
vay dudi tac dung cua &p luc cao, luong bién dang dich chuyén ¢ néc va nén 1o nho hon luong dich
chuyén cua hai bén hdng 10 tinh tién vao viing khong gian ngam. Dya vao hinh 7 khi dich chuyén bé mat
duong 16 thay dbi theo khau d6 khai dao, tai thoi diém bit ddu khai thac cho dén budc thir 10-11 thi lugng
dich chuyén ¢ hai bén hdng 10 16n hon lugng bién dang & néc va nén 16. Trong d6 lwong bién dang ¢ hai
bén hong 10 1a 16n nhat, lugng bién dang & ndc va nén 16 nho nhat ma lai gan tuong dwong nhau. Khi
duong 10 khai ddo tién vé phia trude, lwong bién dang cta noc 16 vuot qua lugng bién dang ¢ nén 10. Khi
qua trinh khai dao két thuc lwong bién dang 16n nhit & hai bén hong 10 14 0,48m, lwong dich chuyén lon
nhat ctia noc 10 14 0,37m, luong bién dang I6n nhét cia nén 10 1a 0,31m. Trong sudt qua trinh dao 10, tc
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d6 bién dang caa hai bén hong 10, néc 16 va nén 16 phan biét 1 0,019m/d, 0,016m/d va 0,006m/d. Van téc
bién dang hai bén hong 16 16n hon so véi ndc va nén 16 phan biét Ia 3,4 va 3,0 lan. Dya vao phan tich &
trén cho thiy dudi tc dung cua ap luc cao, khdi da duong 16 sau khai dao chwa chéng gitr lugng bién
dang s& ting 1én khi qua trinh khai dao khong ngung tién vé phia trude, khi khau do thoi gian kéo dai,
bién dang & hai bén hong 10 12 16n nhét, sau d6 1a ¢én ndc 10 va cudi ciing lugng bién dang & nén 16 1a nho
nhét, diéu d6 ching to & diéu kién ap luc cao hai bén hong 16 bi don bién dang co vao khoang khong
khong gian ngam nghiém trong nhét.

Thuc tién cong trinh khi tién hanh khai thac xudng sau s& gap phai trudng hop ap luc hdng cao, hé sé
&p luc ngang thong thudng 14 16n hon 1, cao nhat dat t6i 3,5. Nhung phan 16n 1 & trong pham vi 1,0~2,0,
bai vay, tac gia lya chon khao sat sy bién doi ciia hé s6 ap luc hdng nam trong pham vi la 1~2. Ngoai ra
dé nghién cau sy bién doi cia vang déo khi hé sé ap luc hdng chuyén bién tir nho hon mét sang pham vi
hé sb ap luc hdng nho hon 1 d& xuit thanh lap thém maot mé hinh véi hé s6 ap luc hong 14 0.5. Cac mo
hinh dugc thanh 13p véi hé sé &p luc hong A 1an luot 1a: 0,5; 1,0; 1,5; 2,0, két qua phan bé ving déo vai
cac hé s ap luc hong khac nhau dugc thé hién trén hinh 8 .

25 30
g . i=
:g 2 Nécnén z, 23
=3 - =]
15 1o < 20
= =
1 5 15
= =
'% 05 A .‘E' 10
0 | 5 - .
045 . 5 2 0.5 s 215 2
H]é a8 ap lue héng 11[3 sGap hrchéng

Hinh 8. Quy ludt phan bé ving déo khéi da xung quanh dwong 16 khi khai dao

Dua vao hinh phan b6 pham vi viing bién dang déo xung quanh duong 10, hinh v& va bang bicu the
hién bé day vung déo va dién tich vung déo thay d6i khi hé s6 ap luc hdng thay doi co thé thay:

(1) Trong diéu kién hé sb ap luc hong khac nhau, ving déo theo phuong phuong géc va phuong
ngang phan biét theo hinh ddi xtng.

(2) Trong diéu kién &p luc thang goc 16n( hé sé ap luc hong A < 1) thi bo phan cha yéu bi pha hiy nam
& hai bén hong 10, nguoc lai trong diéu kién &p luc hdng cao ( hé s6 &p lyc hong A > 1) thi bd phan chu
yéu bi pha huy nim & dinh va nén 1o.

(3) Khi hé sb ap luc hong A < 1, dién tich viing déo cua khdi da xung quanh 16 chu yéu biéu hién & hai
bén hong 10, con & ndc nén 16 viing déo twong ddi nho, vi du khi A = 0,5, bé day Ion nhét ving déo hai
bén hong 16 13 0,6m, nhung bé day I6n nhat viing déo cua néc va nén 16 chi ¢é 0,4m, dién tich ving déo la
7,43m2, gap 2,2 lan dién tich mat cit ngang duong 10 khao sat.

(4) Khi hé sb ap luc hong A = 1, viing déo & néc, nén 10 va ¢ hdng 10 gidng nhau, trang thai phan b
rat dong déu

(5) Khi ma hé sé &p luc hong khéng ngung tang thi tng suit ngang ciing khong ngung gia tang, chu
yéu ving déo dan dan huéng I1én néc va nén 10 dich chuyén, d6 sau viing déo & néc, nén 1o ciing nhu dién
tich s& ting 1én theo su tang cua hé sb &p lre ngang, do sau cua ving déo hai bén hong 16 va dién tich cua
n6 s& giam khi hé s6 ap luc ngang ting

(6) Khi hé sé &p luc hong A = 2, pham vi viing déo s& ma rong rat nhanh, néc nén 10 tré thanh ving
phé hay bién dang chu yéu, do sau pha hoai I6n nhat & néc nén 16 va hai bén hong lan luot 1a 2,2m va
0,6m, dién tich ving déo la 27,6m?, gap 7,98 lan dién tich tiét dién ngang ctia dwong 10 khao sat

(7) Khi hé s6 ap luc hong ting dan tir 1, dién tich vang déo ting manh theo cap sé nhan, tir dién tich
7,43m? khi A = 1 ting nhanh dén 12,27 m? khi A = 1,5 va 27,6m? khi A = 2, cho thdy khi hé sé ap luc héng
cang céach xa 1 thi téc do tang dién tich ving déo cang Ion, diéu nay nén duoc dac biét chd y trong thuc
tién cong trinh.

4. Két luan

Tir cac két qua phan tich & trén ta rat ra mot sb nhan xét sau:

Trong qua trinh khai dao gia tri binh quén (ing suét chinh 16n nhét va nho nhét phat sinh tiy theo do
sau phat sinh sy bién d6i voi mirc d6 khac nhau khéi da khac nhau. Chuyén vi ¢ hai bén héng 10 16n hon
rd rét chuyén vi ¢ noc va hong 0.

Khi ma hé sé ap luc hong khong ngung tang Ién thi ang SUt ngang cling khong nglmg gia tang, chu
yéu viing déo dan dan huéng Ién néc va nén 16 dich chuyén, do sau viing déo & noc, nén 16 ciing nhu dién
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tich s& ting 1én theo su tang cua hé s6 &p lre ngang, d6 sau cia ving déo hai bén hong 10 va dién tich cua
né s& giam khi hé sé &p luc ngang tang. Khi hé s6 4p luc héng cang cach xa 1 thi téc do ting dién tich
viing déo cang Ién. Sy bién d6i dic tinh co hoc khdi da trong qua trinh khai dao nén dugc dic biét chd y
trong thuc tién cong trinh dé c6 cac giai phap chdng giir 6n dinh dam bao an toan san xuat.
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Nhom tac gia chan thanh cam on sy gitip d& cua cong ty Tu van dau tu mo va céng nghiép - VIMCC
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ABSTRACT
A study on the failure deformation characteristic of rock mass

surrounding deep tunnel
Pham Thi Nhan'”, Ngo Duc Quyen?, Nguyen Tien Manh?
tUniversity of mining and geology
2Vinacomin industry investment consulting joint stock company - Vinacomin

Under the condition of high pressure the failure process, mechanical characteristics and supporting
structqure on surrounding rock tunnel in different geological environment are different. According to the
Geological drilling LK.GP-02 in the siltstone layer at level -534m in Khe Cham coal mine, the numerical
simulation with FLAC3D was used to study the effect excavation steps and lateral pressure coefficient on
the mechanical characteristics of surrounding rock of tunnel, expecially the characteristics of plastic zone,
the distribution of pressure and displacement. The results show that the average maximum principal stress
and the minimum principal stress varied with excavation depth. The displacement on both sides of the
roadway was obviously greater than that on top and bottom, and the area of plastic zone rapidly increased
with the increasing of lateral pressure coefficient. Thus, in fact the change of mechanical properties of
surrounding rock on excavation process for tunnel should be carefully adjusted to solve the problem of
stable and safe production.

Keywords: Plastic zone, principal stress, displacement, lateral pressure coefficient
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A Back Analysis for a Blow-out Case Study
in Hochiminh Metro Line 1
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Truong Dai hoc M6 - Dia chat

ABSTRACT:

When the support pressure at the tunnelling face and/or the tail is too high, blow-out occurs. In
tunnelling design, blow-out is determined as an upper boundary in order to calculate the maximum
support pressure at the tunnelling face and at the tail of the shield. Although there was a good controlling
when tunnelling especially in soft soil and at shallow depths, blow-out still occurred in some tunnel
projects. This paper presents a back analysis for a state-of-the-art blow-out case study of
HochiminhMetro Line 1 Ben Thanh - Suoi Tien, Vietnam. Based on recent models for estimating the
blow-out pressure, the maximum pressure is re-calculated and compared with the blow-out pressure at the
site.

Keywords: Tunnel, blow-out, Hochiminh Metro Line 1

1. Introduction

In urban areas, the economic development and population are growing significantly. This leads to a
high demand of transportation space. Due to the limit of space on the surface, underground infrastructure
becomes a vital role in the urban development. Tunnelling with tunnel boring machines (TBMs) is
popular now in tunnel construction in the condition of soft soils with the advances in limiting settlements,
effects on existing buildings and conveniences in tunnelling. Shallow tunnels in soft soils have been
recently a trend in tunnel construction with the benefits of economic and saving travelling time due to
shallow stations and tracks.

When tunnelling in urban areas, especially in historic areas, minimizing effects on existing buildings
and infrastructure system is an important task of tunneling design. When tunnelling in soft soil with a
shallow cover, there might be a risk of collapse at the tunnelling face due to too low support pressure or
escape of supporting medium because of too high support pressures at the tunnelling face and/or at the
tail. If the support pressures used at the tunnelling face are too small, the soil will move towards the
excavation chamber of the TBM and thus the tunnelling face will collapse. This condition is often
considered when estimating the minimum support pressure in tunnelling design. Methods for determining
the value of minimum support pressures were indicated in Anagnostou and Kovari (1994), Jancsecz and
Steiner (1994), Broere(2001) and Vu et al. (2015). In case that support pressures applied at the tunnelling
face and/or at the tail are too high, the soil body above the tunnel will be uplifted. As a result, support
medium will escape, the support pressures at the tunnelling face will drop and the tunnelling face
therefore can collapse. The results of this problem are a risk of standstill or even damage of the TBM,
danger to people, damage to existing buildings and transportation in case of the occurrence of a hole and
large settlements on the surface. This phenomenon is determined as a blow-out of the tunnel (Vu et al.,
2016). Controlling support pressure around the TBM shield including at the tunnelling face and at the tail
is a key work in order to have a success tunnel project.

Blow-out occurrences were recorded in some projects in the world when tunnelling in soft soils.
According to Vu et al. (2016), there was a case of blow-out in the tunnelling process in Old Elbe Tunnel
in 1909. In the Netherlands, after the blow-out problem in Second Heinenoord Tunnel project, in 1997, a
study were carried out by GeoDelft and supervised by COB in Delft University of Technology in order to
investigate the mechanism and derive estimating methods for blow-out pressure when tunnelling in soft
soils (Bezuijen and Brassinga, 2006). In Vietnam, the tunnelling work in the project of Hochiminh Metro
Line 1 Ben Thanh-Suoi Tien has just finished and there was a recorded blow-out case. Although it was
occurred in the tunnelling process, there was a small volume of support fluid escaped on the road surface
at the chainage of Km1+500. Suitable solutions were carried out to ensure a success tunnelling project.

*Tac gid lién h¢
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The aim of this paper is a back analysis on the blow-out case study in Hochiminh Metro Line 1 Project
in order to obtain experiences for next tunnelling projects in Vietnam.
2. Blow-out calculation models

As indicated above, blow-out is a key condition in order to estimate the maximum support pressure in
tunnelling design. There have recently been blow-out models in tunnelling design proposed by Balthaus
(1991), Broere (2001) and Vu et al. (2016).

Figure 1 shows a blow-out model proposed by Balthaus (1991). It is assumed that the pushed upward
soil body is modelled as a wedge shape above the tunnelling face. Based on the balance condition of the
wedge soil body weight G and the support force S, the maximum support pressure can be derived. Safety
indexes against the blow out were also taken into account as:

ve| 5" +ecot45°+2) )

>y =L 6

2(zg)

G
=3 T M= 5 =lzgd
where C is the depth of the cover, ¢ is friction angel, v is the volumetric weight of soil, and s is support
pressure.

When the soil column is pushed upward by high support pressure at the tunnelling face or at the tail,
shear stress will occur between the soil column and surrounding ground. In a more accurate blow-out
model proposed by Broere (2001), this shear stress is taken into account. In the equilibrium condition
(Figure 2), the support force is equal to the total of the weight of the above soil column{,; and the shear
forces along two vertical sides of the two dimensional rectangular soil bodyr. Based on this, the
maximum support pressure for the tunnelling face can be calculated as:

2c + CK}.f}r-tamp] (2)
n
where D is the tunnel diameter, c is cohesion and K, is the coefficient of horizontal effective stress.

In the investigation of blow-out in Vu et al. (2016), blow-out models was presented for the case of
linear support pressure including the change of grout pressure around the TBM for upper and lower parts
of the tunnel (Figure 3). A validation with a case study of Second Heinenooord Tunnel and three
centrifuge tests as discussed above shows that these proposed model can derive a more accurate blow-out
pressure than the models proposed by Balthaus(1991) and Broere (2001). In this figure, &, is the weight of
the above soil column,; is the tunnel weight, tis the shear force along two vertical sides of the two
dimensional rectangular soil body and s is support pressure.

In the back analysis for the case study in Hochiminh Metro Line 1 in this paper, the models presented
by Vu et al. (2016) will be used to calculate the blow-out pressure and compare to observed data.

According to Vu et al. (2016), the maximum support pressure at the top of the tunnelling face sg+ max
is given by:

Smax = C |V +

I H all
Sprmax = ’}’(H - gD) +2 E{c + HKJ_.'].’TG'J‘I.QD} -7 3)

The maximum support pressure at the bottom of the tunnelling face sy g IS given by:
T ) D
Snbmox = ¥ (H - D) + 25 |.Er: + HE, ¥ mmp} +yrmd + % )

whereH is the depth of the tunnel, the unit weight of tunnel is ¥+ = 24kN/m?and the vertical gradient of
the grout a = 7kPa/m.

advanee

Figure 1. Calculation model of Balthaus for the safety against blow-out (Balthaus, 1991)
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Figure 3. Blow-out model with vertical support pressure gradient a (Vu et al., 2016)

3. Back analysis for the case study of Hochiminh Metro Line 1

Hochiminh Metro Line 1 has a length of 19.7 km from Ben Thanh Market to Suoi Tien Park, including
2.6 km underground pass the Opera House, Ba Son shipyard and cross the Saigon River. The majority of
the tunnel was constructed in soil condition mainly included Fill, Alluvium and Diluvium materials. The
surface layer of soil is Fill layer with a depth of around 2 m. The nextAlluvium layer is ofaround 30 m
deep including Soft Clayey Silt layer, Silty Fine Sand Layer 1 and Sand layer 2. There are Diluvium
clayey silt and silty sand layers below the Alluvium layer (Figure 4).

The blow-out occurrence was recorded on the date of 23/4/2018 at about 8am, at the chainage of
Km1+500 on the west line where the tunnel is located at the depth of -11.67m. At that moment, as can be
seen in Figure 5, the escape fluid was the polymer fluid which was applied as a supporting medium at the
tunnelling face. The support pressures at the tunnelling face was observed at 380kPa as the maximum
value of Polymer injection pressures of linel and line 2 in the excavation chamber of the TBM (there
were 5 lines in the TBM but only 2 lines were used at that moment).
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Figure 5. Support fluid was spouted on the street when blow-out occurred

The comparison between these blow-out models in blow-out analysis in Vu et al. (2016) showed that
the blow-out models with the linear support pressure can predict more accurately the blow-out support
pressure not only centrifuge experiments but also the case study of Second Heinenoord Tunnelwhen
comparing to models proposed by Balthaus (1991) and Broere (2001). In this study, this model thus is
applied to back analyse the blow-out case study of Hochiminh Metro Line 1.

Table 1. Soil parameters applied in Hochiminh Metro Line 1 Project based on UMRTL1-CP1b-TBMS-
CGE-RPT-00073-C report

Level Weight Cohe- | Friction | Coefficient
Layer | Description unity sionc | angle ¢ | of Lateral K

From To (kN/m3) | (kPa) (deg.)

1 Fill layer 258 | 0.23 19 10 25 0.6-0.5

2| Alluvium Clay Layer 2 0.23 | -1.77 16.5 0 24|  0.6-05

3 Alluvium Silty Fine

Sand Layer 1 -1.77 | -13.2 20.5 0 30 0.6-0.5
4 Alluvium Sand Layer 2 -13.2 | -17.4 20.5 0 33 0.5
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Figure 7. Back analysis results for the blow-out case study in Hochiminh Metro Line 1 Project

The calculated model in the multi-layered soil condition is shown in Figure 6 for the case study in line
with the blow-out models proposed by Vu et al. (2016) as indicated in Figure 3. In this model, the tunnel
is located at the level of -11.67m.In this figure, & . G5, Gz are the weights of the soil layers above the

tunnel, &+ is the tunnel weight, 7;. ;. Tzare shear forces along two vertical sides of the two dimensional
rectangular soil body and s is support pressure.

Soil parameters in this situation are shown in Table 1.

Figure 7 shows the back analysis results derived from the models based on Equations (3) and (4). The
calculation is carried out with the change of cover-to-diameter C/D ratios in this geo-condition in order to
obtain the variation of maximum support pressureswith different locations of the tunnel. A star legend (*)
shows the observed data in the case study where the C/D ratio is of 1.76. At this point, the blow-out
pressure was observed at 380kPa at the time of blow-out appearance as indicated above. It can be seen
that the observed blow-out pressure is in the range of blow-out pressure estimated from the upper part and
lower part blow-out models at the tunnel center from Equations 3 and 4 (the deviation is of 7%). This

result means that the blow-out models proposed by Vu et al. (2016) can well predict the blow-out
pressure in this case.

From the back analysis of the case study, some lessons are derived as follows:
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- Controlling support pressures at the tunnelling face and at the tail is essential in order to have a
success tunnelling project.

- Preparing solutions for risk can minimize damage in emergency cases.

- The blow-out models proposed by Vu et al. (2016) with linear support pressures at the upper and
lower parts of the tunnel can predict accurately blow-out pressures when shallow tunnelling in soft soils.
Validations for two case studies of Second Heinenoord Tunnel and Hochiminh Metro Line 1 and three
centrifuge experiments confirm this conclusion.

- In Hochiminhcity geological condition, there might a risk of blow-out when shallow tunnelling with a
C/D ratio less than 2 (in this case C/D=1.76). Contractors should pay an attention on control monitoring
when using the TBMs or micro TBMs for tunnelling in Hochiminh city or apply a suitable soil
improvement method to minimize blow-out risk.

- For next projects in Hochiminh city such as Hochiminh Metroline 2 and microtunnelling for recent
sewage projects in Hochiminh city, blow-out risk should be taken into account in tunnelling design.

4. Conclusion

Blow-out condition is an essential stability calculation in tunnelling design, especially when shallow
tunnelling in soft soils in order to prevent damage on the tunnelling process and existing buildings.
Validation with the blow-out case study of Hochiminh Metro Line 1 shows a good agreement with the
blow-out pressures derivedfrom the linear support pressure blow-out models proposed by Vu et al.
(2016). The solutions used in the real project of Hochiminh Metro Line 1 show that a careful preparation
for risk in tunnelling is very important to have a success tunnelling project.
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ABSTRACT

It is inevitable that excavation at deep underground powerhouse in high in-situ stresses induced
damages to the surrounding rocks. As a result, reasonable determination of the excavation damage zone
(EDZ) is critical to the design, construction and safe operation of the underground powerhouse. This
study divides EDZ into excavation highly damaged zone (EHDZ), excavation slightly damaged zone
(ESDZ) and undamaged zone (UDZ) so as to better capture the evolving characteristics of the
surrounding rocks at deep underground powerhouse with high in-situ ground stresses. With the utilization
of acoustic detection, this study introduces the damage factor D to quantitatively distinguish the EDZ.
Borehole camera is also employed to observe the characteristics of fissure development within the
surrounding rocks. The observed damage characteristics of the surrounding rocks are then compared
against the acoustic detection results, showing favorable agreement. Based on the actual engineering
practice, this study puts forward the discriminating standard for the EDZ at deep underground
powerhouse in high in-situ stresses during construction. Hopefully, this study could provide some basis
for the evaluation of degree of damage of the surrounding rocks as well as the informational design and
construction at underground powerhouse with similar conditions.

Keywords: Rock mechanics; Excavation damage zone (EDZ); Acoustic detection; Borehole camera
imaging; Damage factor

1. Introduction

Construction of the large hydropower stations in valley regions gives rise to a series of problems, such
as deep burial depth and long span of the underground powerhouse. In addition, increasingly serious
problems such as the damage of surrounding rocks during excavation have also captured more and more
attention from the engineers and scholars in China and abroad.

As a complex geologic body, rock mass are usually subject to complicated stresses. It is known to us
all that in situ rock mass are subject to three-dimensional stresses. The excavation of underground
powerhouse disturbs the stress balance and alters the stress regime. Also, the excavation of underground
powerhouse affects the mechanical properties and water-physical properties of the surrounding rocks. The
effect is mainly manifested in aspects such as a great amount of fissures generated within the rock mass,
rapid fissure development and fissure coalescence. As a result, permeability coefficient of the rock mass
is increased, creating channels for water intrusion. Therefore, it is of great engineering significance and
theoretical value to study the EDZ at deep underground openings in high in-situ ground stresses during
construction and its implications for support parameters optimization, safe construction and evaluation of
engineering stability and safety.

A significant number of studies at China and abroad have been carried out regarding EDZ partition and
zonal support during excavation of underground openings. With consideration of the research results at
home and abroad, Li et al, 2013 systematically analyzed and summarized EDZ at underground openings
from aspects such as EDZ concept, field test, laboratory test, theoretical analysis and numerical
calculation. Xu et al, 2014 divided EDZ into excavation highly damaged zone (EHDZ) and excavation
slightly damaged zone (ESDZ) and introduced damage factor to quantitatively distinguish the EDZ based
on the rationale of acoustic detection. Zhang et al, 2007 combined the damage evaluation based on plastic
strain within the plastic zone with the partition of the EDZ and put forward the new concept of failure
approach index (FAI), thus quantitatively evaluating the stability of rock mass in different sections of the
surrounding rocks. Dai et al, 2015 utilized multiple monitoring methods to investigate the forming and
evolving mechanism of the EDZ at the underground powerhouse of Houziyan hydropower station. Liu et
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al, 2013 carried out comprehensive monitoring over the typical profile of the water diversion tunnel at
Jinping Il hydropower station with the use of acoustic detection and borehole camera. K.Hyung-Mok et
al, 2013 carried out evaluation of the effect of EDZ on the stability of compressed-air energy storage
(CAES) chamber in South Korea. Kwon et al, 2009 utilized field geological radar test and numerical
calculation to investigate the effect of borehole-blasting on elasticity modulus and EDZ scope during tunnel
construction at a 500 m deep underground tunnel. Martino et al, 2004 carried out pump-in test and acoustic
detection test at a 443 m deep underground opening and evaluated important factors that affect the EDZ.
The presence of EDZ has a direct impact on the mechanical properties of the surrounding rocks, thus
adversely affecting the overall stability of the surrounding rocks. It should be noted that damage differs
from fracture. The later refers to a phenomenon that can be directly observed with naked eyes, while the
former refers to the changes of the mechanical properties of the rocks induced by stress adjustment.
Especially when under the action of high ground stress, mechanical responses such as rib spalling and
structure fracture triggered by damage would occur. The presence of EDZ at deep underground
powerhouse with high in-situ ground stresses is a direct threat to surrounding rocks stability and
engineering safety of the powerhouse. In addition, fissure development within the EDZ could introduce
new channels for water intrusion, posing really adverse influence to engineering safety. Therefore, it is of
great engineering significance and theoretical value to accurately determine the EDZ at deep underground
powerhouse in high in-situ ground stresses during construction and its implications for support parameters
optimization, safe construction and evaluation of engineering stability and safety.
2. The theory of EDZ partition and Method for assessing the EDZ.

2.1. The theory of EDZ partition

EDZ partition has gained more and more popularities among the engineers and scholars in terms of
characterizing the deformation and failure of the surrounding rocks (including fissure generation,
propagation and coalescence within the surrounding rocks) for hard and brittle rocks. Not only does EDZ
include the connotation regarding rock mass damage and disturbance, it also contains such connotation as
loosing rock mass. For the present, terminologies such as surrounding loose zone, broken rock zone,
disturbance zone, plastic zone, damage zone, excavation damaged zone (EDZ) and excavation disturbed
zone (EdZ) are widely used in Chinese academic literature, with varying definitions. In Canada and the
United States, EDZ and EdZ virtually share the connotation; In Sweden and Switzerland, EDZ refers to
the deformation and secondary fissures adjacent to the underground openings that are irreversible, while
EdZ refers to the elastic deformation within the rock mass that is recoverable. Martino and Chandler,
2004 put forward the following definition for EDZ: EDZ refers to changes of the mechanical and water-
physical properties of the surrounding rocks induced by openings excavation that are measurable and
irreversible; The damage results from the energy release, stress redistribution and thermal loading
induced by excavation, which generally occurs at the adjacent areas of surrounding rocks of the openings
(Wu et al., 2009).

So far, the EDZ around underground opening has been investigating and different definitions and
understanding have obtained by Davies and Bernier, 2003; Martino and Chandler, 2004; Cai and Kaiser,
2005. There are multiple terms that have the same meaning with the terminology in excavation of
damage, for example: rock loosening ring, loose circle, disturbed zone, plastic zone, damaged zone, etc.
But in fact, the EDZ terms is adopted to describe the deformation and failure processes of an EDZ,
including the surrounding rock mass of crack initiation, extensions and unstableness. In this paper, the
term EDZ will be used as a contraction Excavation Damage Zone and the difinition of EDZ is defined as:
EDZ is the zone around an excavation at where in situ stress conditions the properties of the rock
mechanical have been changed due to stress redistribution induced fracturing, blasting damage have taken
place. It can be devided into two sub-zones excavation highly damaged zone (EHDZ) and slightly
damaged zone (ESDZ) as shown in Fig. 1. The EHDZ contains a lot of cracks of macro-scale fracturing
which are caused either by excavation or high stresses induced spalling, splitting, etc. (EHDZ is also
referred as excavation fracture zone). The ESDZ defined as a zone containing newborn cracks that is
caused by stresses redistribution induced fracture (shear fracture). Therefore, it is reasonable to use EDZ
to classify different zones within the surrounding rocks during construction or excavation.
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2.2. Methods for assessing the EDZ
1. Acoustic waves method

A wide-range of geophysical methods has been used to characterize the EDZ including: ground
penetrating radar (GPR), resistivity, sonic/ultrasonic measurements and acoustic emission (AE). Recent
studies have also looked at seismo-electrical methods. Measurements can be made as “point/interval”
measurements along boreholes or via tomographic approaches. In this paper, for the assessing the EDZ,
the acoustic emission (AE) was carried out.

Xu et al, 2014 studied the acoustic wave versus depth curve for underground openings excavated in
magmatic rock, sedimentary rock and metamorphic rocks, respectively. They summarized their research
results and divided the results into three categories. As a result, they were able to qualitatively and semi-
quantitatively determine the depth of EDZ (show in Table 1).

Table 1. Relation of acoustic wave with EDZ partition
EDZ partition EHDZ ESDZ ubz
Wave velocity Vp (m/s) Vp < 3500 3500< Vp < 5500 Vp>5500

The wave velocity varies with surrounding rock properties, development degree of structural plane and
fissure width, etc. Therefore, the sole use of wave velocity in quantitatively dividing the EDZ is not
reasonable. However, the introduction of the damage factor D makes it possible and reasonable to
determine EDZ.

According to classical elastic mechanics theory, velocity of the plane wave travelling in an infinite
elastic body can be derived. As transverse wave cannot travel in liquids and the measurement of the
transverse wave is easy to generate errors, longitudinal wave is used in this study. Therefore, the velocity of
the longitudinal wave is taken to represent the elasticity modulus. The specific formula is shown below:

E— A+ p)Q-24) v (1)
1-u P

Where, v, (m/s) stands for the velocity of longitudinal wave, p (g/cm3) stands for the density and p
stands for poisson’s ratio.

During the construction of underground openings, the stress redistribution results in fissure generation,
propagation and coalescence, with macroscopic fissure or failure as the final product. The damage factor
D can be introduced to represent the above process and result.

E
Ezl—E (2)

In consideration of the minor changes of poisson’s ratio and density of damaged rock mass during
stress redistribution induced by excavation, the poisson’s ratio and density can be regarded as a const.

Therefore, the damage factor D can be derived from equation (1) and (2).

V2

E
E=1-—=1-—2% 3)
E v

Where v is the wave velocity in damaged surrounding rocks.

Acoustic detection technology is employed to separately detect the wave velocity in undamaged and
damaged surrounding rocks. As a result, the damage factor D of the surrounding rocks can be accurately
determined. Prior to the use of the damage factor D to quantitatively determine EDZ, a reasonable
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standard limit is required. In accordance with the rate of change of the wave velocity (1) as specified in
China Construction Technical Specifications on Rock-foundation Excavating Engineering of Hydraulic
Structures (DL/T538-2007), the quality of excavation on rock-foundation can be divided into three levels,
near zero impact (M<10%), slight impact (10%<n<15%) and apparent impact (n>15%). The rate of
change of the wave velocity is defined as:

n=(C,-C,)/C, (@)
Where Cpl and sz separately stand for the tested wave velocity before and after excavation at the

same location.

With equation (3) and (4), the value of the damage factor D corresponding to the rate of change of the
wave velocity before and after excavation can be determinedvalue of the damage factor D corresponding
to the rate of change of the wave velocity before and after excavation can be determined (Table 2).

Table 2. Relation of damage factor with rate of change of the wave velocity

Value of rate of change of the Corresponding damage Damage degree
wave velocity factor D
n<10% D<0.19 Near zero damage
10%<n<15% 0.19<D<0.28 Slight damage
n>15% D>0.28 Apparent damage

In accordance with Code for Engineering Geological Investigation of Water Resources and
Hydropower (GB50287-2006) of China, the integrity coefficient (KV) can be expressed as follows:

Kv = (Vp /VPr)2 (5)

Where V, and V,, separately stand for velocity of longitudinal wave in rock mass and rock specimen.

The integrity of the rock is divided into five grades, full integrity, favorable integrity, poor integrity,
relatively broken and broken. Accordingly, K, is taken as 0, 0.75, 0.55, 0.35 and 0.15, respectively. The
table 3 show the relation of damage factor with the integrity.

For sake of simplicity, the limit value for ESDZ and UDZ is determined as D=0.2, and for EHDZ and
ESDZ as D=0.6.

In summary, with the introduction of the damage factor D, the damage degree of the underground
powerhouse can be divided into EHDZ, ESDZ and UDZ, as shown in Table 4.

Table 3. Partition of damage factor D and EDZ

Surrounding Damage Damage Characteristics of the acoustic wave curve
rocks partition factor D degree

On the curves of acoustic velocity, the P wave velocity is
Apparent  suddenly mutate and significant attenuate compared to the
damage initial. The newborn cracks have been changed and
significantly opened.
The P wave velocity is a concussion with low rate in
cracks location. The velocity mutate from low to high in a
long time on the curves of acoustic velocity. The newborn
cracks can be formed but not clearly significant.
Near-zero  The P wave velocity may be smooth or may be a little
damage fluctuation on the curves of acoustic velocity.

EHDZ D=>0.6

ESDZzZ 0.6>D>0.2 Damage

ubz D<0.2

2. Digital borehole camera method

The Digital Borehole Camera system is based on direct optical observations in boreholes, see for
example. The system digitally records the 360° continuous projection of the borehole wall. Measurements
of strike and dip of bedding and joint planes, along with other geologic analysis, are possible in both air
and clear fluid filled holes with this system. The supplier of this system is RaaX Co. Ltd
(www.raax.co.jp) and the test arrangement is shown in Fig. 2.
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From this system, the EDZ of width and mechanical properties can be interpretability determine, such
as fractures, the structural plane and cracks by TV image. According to results of borehole images during
different excavation periods can identify other orientations of old and new cracks, predicted newborn
cracks location, the problem of depth and density of each segment, moreover the variables in order to
determine the damage zone boundary.

3. Result and discussion

The powerhouse of H hydropower station is located at the right bank of the Dadu River, with an axial
direction of N61°W. Horizontal depth and vertical depth of the powerhouse are 280~510 m and 400~660
m, espectively. With a length of 224.4 m and a span of 25.8~29.2 m, the powerhouse has a maximum
height of 70.5 m. Stratified excavation is employed to build the powerhouse, with the current excavation
reaching the fourth layer. The excavation profile is illustrated in Fig. 3. The net height of the excavation
reaches 37.5 m Fig. 3.
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Fig.3. 0+40 m Excavation profile for the powerhouse and layout of the monitoring boreholes
3.1 Depth and Width of EDZ in experimental layout

T =

(@) (b)
Fig. 4 Distribution of cracks recorded by digital borehole camera in experimenal layout

The investigation of the main objective EDZ characteristics was conducted at the HzyM-1 by using the
digital borehole camera, the results were used to infer the damage zone boundary. Then the deformation
of main powerhouse surrouding rock mass was determined based on the damage zone boundary.
According to the results of the digital borehole camera, the major deformation of surrouding rock mass
cracked at the segment of 0 — 11.4m depth of the borehole are shown in Fig. 4.

The surrounding rock mass was highly damaged at the segment of 0 - 8.9 m depth of the borehole.
Thus, this segment can be regarded as the ultimate boundary for the EHDZ, or in other words, the width
of the EHDZ is 8.9 m (Fig. 4a). The segment from 8.9 to 11.4 m depth of borehole is slightly damaged.
Hence, this segment belongs to the ESDZ as shown in Fig. 4b.
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According to the result of curves of acoustic velocity versus the depth, there is an increase of the
acoustic velocity correlated to borehole depths. The results of the acoustic velocity measurement indicate
a depth of the damage zone in the surrounding rock mass at the range of 0 - 15.5m. If the average acoustic
velocity is lower than 3.5 km/s or between 3.5 km/s and 5.5 km/s or higher than 5.5 km/s, then the
damage zone boundary is considered as EHDZ or ESDZ or basically undamaged zone, respectively
(Tab.1). Thus, the position of the ultimate boundary of the EHDZ and ESDZ are 9.0 m and 15.5 m in
depth; and the width of EHDZ and ESDZ are 9.0 m and 6.5 m (15.5-9.0=6.5 m), respectively (Fig. 5).

In order to reduce subjectivity, relation of the damage factor D with the depth is calculated in
accordance with equation (3), as shown in Fig. 6. According to the specified limit value as given in Table
4, the depth distribution of EDZ can be quantitatively determined, with the depth of the EHDZ and ESDZ
reaching 7.3 m and 15.6 m, respectively.
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Fig. 6. Damage factor changing curve of No.3 borehole in the 0+40 m excavation profile for the
powerhouse

3.2 Discussion

The digital borehole camera can give us images of the cracking or fracturing induced in the
surrounding rock mass, while testing methods of acoustic wave can not. As the previous describe, the
results of digital borehole camera methods can be effectively used to identify the surrounding rock mass
deformation process including the surrounding rock mass of crack initiation, extension and unstablenes.
According to the result from the analysis of images recorded in borehole, it not only provided
photographic images of the surrounding rock mass beyond the EDZ boundary, but also provided
important predictions for the fracture intensity and cracks distribution. We would like to know whether
the distribution of structures or cracks recorded by digital borehole camera can be used to determine the
EDZ boundary included EHDZ, ESDZ and basiclly undamaged zone. Li et al, 2011 demonstrated that it
is possible to predict the EHDZ of depth and width but can not predict ESDZ by the distribution of
structures or cracks recorded by digital borehole camera. Therefore, combination of the digital borehole
camera method with other methods is necessary.

The results of acoustic wave testing methods were very useful to understand the results from borehole
camera measurements. The results of the acoustic wave measurements confirmed the distribution of
cracks. The significant influence of cracks was analysed, and the correlation between fracture density and
acoustic measurements was obvious as shown in Tab. 4.

Tab. 4 Results of EDZ depth from borehole camera and acoustic wave measurements

Method for assessing EHDZ ESDZ

Borehole camera method 0~8.9 89~114
Acoustic wave method 0~85 8.5~15.2
Damage factor (D) 0~7.65 7.65~13.9
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The above analysis is only based on single typical excavation profile. With the help from the designers
and engineers, the damage zone can be intuitively captured. If EDZ partition is carried out on each
detection borehole in the 0+40m excavation profile of the powerhouse, the partition map for this
excavation profile can be determined, providing basis for support optimization and safe construction.

4. Conclusions

It is reasonable and applicable to use EDZ to perform partition for surrounding rocks at deep
underground openings with high in-situ ground stress. EDZ is further subdivided into EHDZ and ESDZ,
with the failure mode of the former mainly dominated by stretching and tenso-shear fracture and that of
the later by shear fracture.

Based on acoustic detection, the characteristics of the wave curves can be used to qualitatively and
semi-quantitatively discriminate the partition of EDZ. Also, the damage factor D is introduced to help
discriminate the partition of EDZ. As a result, predictions can be made to the changes of EDZ during
ensuing excavation, based on changes of EDZ partition with excavation schedule.

With borehole camera imaging technology, development of the fissures within the surrounding rocks
of underground openings during excavation can be accurately and intuitively captured, thus providing
direct basis for surrounding rock structure detection, mechanical properties estimation and support design.
Comparison shows that acoustic detection and borehole camera imaging lead to the same interpretation
results.

Based on the actual engineering practice, this study puts forward the discriminating standard for the
EDZ at deep underground powerhouse in high in-situ ground stresses during construction, thus providing
some basis for the evaluation of degree of damage of the surrounding rocks as well as the informational
design and construction at underground powerhouse with similar conditions.

With the proceeding of excavation, EDZ changes dynamically. At present, no available mature theory
can be used to quantitatively or semi-quantitatively determine the damaging characteristics of the
surrounding rocks. With acoustic detection, borehole camera imaging and damage factor D, this study
performed analysis on EDZ at underground powerhouse of H hydropower station in high in-situ ground
stresses during construction. With comparisons made among the three methods, this study finds that the
partition of EDZ based on each method is consistent. Therefore, the geophysical method is applicable for
engineering of this kind. Finally, this study proposed the discriminating standard of excavation damage
zone at deep underground powerhouse in high in-situ ground.
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Nghién ciu trang théi ing suat va bién dang cua khoi dét da xung
quanh duong ham khi dao qua 16p sét
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TOM TAT

Trong qua trinh xay dung tau dién ngam ching ta gap phai nhiéu diéu kién dia chat phuc tap khéc
nhau, mét trong nhiing truong hop thuong gap 1a duong ham di qua 16p sét khi dao. Sy bén viing cua
khbi dat ¢a xung quanh noc, hong va nén duong ham phu thuc vao tinh chat co 1y cua I6p sét va sy tac
ddng vao trang thai ung suat cua khdi dat da gay ra boi qué trinh dao ham. Trang thai tmg suat va bién
dang cua khoi dat da xung quanh duong ham dugc tinh todn bang mo hinh 3D trén phan mém Abaqus st
dung nguyén Iy cua phan tu hitu han. Diéu kién dia chat cua thanh phé Saint Petersburg (Lién Bang Nga)
khi xay dung tuyen tau dién ngam dugc su dung dé nghién ctru. Két qua cua bai toan dwa ra quy luat phan
bé wng suat-bién dang xung quanh duong ham khi 16p sét & céc vi tri khéc nhau so véi duong ham. Trang
thai ung suit va bién dang cua khéi dat da xung quanh duong ham thi phu thudc vao do day cua I6p sét
trén néc duong ham. Su thay d6i trang thai ng Sut gy ra trong qua trinh dao ham duoc thé hién qua hé
s6 tap trung ng suat. Tir d6 dwa ra mot s6 kién nghi khi xay dung ham qua Iop dat sét.

Tir khoa: Trang thai wng suat, bién dang; 16p sét; hé sé tap trung ng suit.

1. Pit van dé

Xay dung tau dién ngam trong cac d6 thi I6n, c6 mét do dan s6 dong 1a mot nhu cau tat yéu. O cac
nudce c6 hé théng tau dién ngam phat trién thi vai tro quan trong cua nd da dwoc khing dinh. Loai phuong
tién nay c6 kha nang van chuyén mot luong I6n hanh khéch, thuan tién trong di chuyén nén da goép mot
phan quan trong trong viéc cai thién giao thong do thi.

O cac nudc phat trién, hé thong tau dién ngam da duoc xay dung va dwa vao sir dung cach ddy hang
tram nam. Tuy nhién, do tinh da dang cua diéu kién dia chat va tinh chit phirc tap cua qua trinh xay dyng
nén luén doi hoi cac nghién ciru dé danh gia mirc do on dinh cia dwong ham trong nhimg diéu kién cu
thé.

Tai thanh phé Saint Petersburg (Lién Bang Nga), tau dién ngim duoc quan tdm nghién ctu tir dau
nhimg nam cua thé ki XX. Nhung do diéu kién dia chat phuc tap cua thanh phd, ciing nhu nhitng khé
khan do chién tranh thé gidi thur 2, nén dén nam 1955 thi hé théng tau dién ngém méi chinh thire dugc mo
ctra. Tir d6 dén nay hé thong nay duoC mo rong khong ngung. Dén nay hé thdng nay gom 5 tuyén, véi 69
ga va téng chiéu dai cac tuyén la 118,6 km. M&i ngay hé théng dap ung trén 2 triéu luot nguoi di lai
(https://ru.wikipedia.org).

Thanh phd Saint Petersburg duoc xay dung trén mot ving dam lay rong 1on, do d6 nén dia chat cua
thanh phé hét sirc phirc tap. Khi xay dung hé thng tau dién ngam, cac k¥ su da quyét dinh xay dung ¢ do
sau 1on, trong tang sét, noi ma c6 diéu kién dia chat thuan loi hon. Chinh vi vay déy 1a hé thong tau dién
ngam c6 do sau trung binh Ién nhét thé gisi (https://ru.wikipedia.org). Lp sét ¢ day duogc danh gia vé
mat co ly 14 «twong doi tét» (Kpemnera P.H, 1990), tuy nhién khi xay dung duong ham trong 16p sét mot
s6 véan dé gap phai (ITporocens A.T', 2012): Sy kho khin trong xac dinh tai trong 18n két cdu chng tam &
guong ham; chua c6 mot ly thuyét tinh toan nao co thé duoc &p dung dé xac dinh chuyén vi viing quang
guong him va ap luc cua Iop sét 1én két ciu chéng tam & gwong. Chinh vi vay 4p dung phuong phép so
dé nghién cau trang thai ung suat bién dang cua khéi dat da xung quanh duong him dé dua ra nhirng
nhan dinh g6p phan lya chon két cdu chdng tam tai guong mot cach hop 1y 1a can thiét.

2. Xay dwng mo hinh tinh toan trén phan mém Abaqus

Mé hinh déi xng qua truc oy, nén duoc xay dung chi mot nira nham t6i wu tde do tinh todn. M6 hinh
khdi dat da co kich thudc vai chiéu sau tinh tir mat dat 12 80m, chiéu rong 40m, chiéu dai (theo truc cua
duong duong ham) 30m. Phan phia trén 1a 16p dat dé tir voi chiéu day tir 40m dén 55m. Duong kinh dao
cta duong ham 1a 9m, nam & d¢ sau 60m (tinh tir mat dat dén dinh cua duong ham), 16p sét phia trén

*Tac gid lién h¢
Email: quangnv@utt.edu.vn
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duong ham c6 chiéu day thay ddi tir 5m dén 20m. Lop sét phia trén tiép giap vai 16p dé ta 1a 16p sét voi
d6 ngap nudce cao, chiéu day 2m, véi do bén viing bi giam.

Tat ca cac truong hop tinh toan trang thai ung suat-bién dang cua khéi dat d¢a xung quanh duong ham
duoc tinh 2 1an, trén 2 md hinh. Mot mé hinh “co s6” (mé hinh khéi dat da khi chua c6 duong him) duoc
tao ra @& md phong khdi dat da & trang thai nguyén sinh, cho phép nhan duoc céc gi tri tng suat va bién
dang cua khdi dat da khi chua c6 duong ham. Trén mé hinh thi 2 “lam viéc” (md phong khoéi dat da khi
dd c6 duong ham) dé xac dinh cac thong sb trén khi c6 duong ham. Ty s ang suat cua khdi d4 khi co
duong ham va khi ¢ trang thai nguyén sinh 1a hé sb tap trung tng suat.

Khdi dat d4 va vo chong duoc mo hinh héa bang phan tir sau canh. O giira lop dét da va két cau chong
1a mot 16p dém, trong mé hinh dwoc thé hién 1a 16p ddng nhit. Sy twong tac qua lai giita khoi dat da-16p
dém-vo chdng duoc mo hinh théng qua hé s6 ma st.

Trang théi tng suat-bién dang cua khdi da dugc phan tich trén cac mat cat ngang : mat cit Nel-céch
guong ham 6m ; mat cat Ne2- cach guong ham 3m ; mat cit Nel — tring véi guong ham. Trong md hinh
C4C gié tri oy- ung suat theo phuwong dung ; ox, 6,- NG SU4t theo phuong ngang ; Txy, Txz, Tyz - CAC N SUAt
theo phuong tiép tuyén.

—
—
=t

=
=

Hinh 1. M& hinh phdn tiz hifu han trong Abaqus
Bang 1. Tinh chdt co Iy cua l6p ddt dd duwoc sir dung trong mo hinh (Kpemnesa P.H, 1990)

Loai dt Modul dan hoi Heé sb Trong luong Luc két G6c ndi ma
(Mpa) Poatxong riéng (KN/m?3) dinh (MPa) sat (do)
Lop dé ta 50 0,30 17,5 0,06 18
Lép dat sét kaolinit 176 0,23 21,6 0,54 23
Lop sét ngap nudc” 90 0,30 21,0 0,27 18

* Ghi cht: I6p sét ¢é do bao hoa nwéc cao nam ¢ phan gidi véi lop dé tit.
3. Phan tich két qua

Trong phan tich két qua cia mo hinh dé tim ra quy luat phan bd lai trang thai wng suat-bién dang khi
dao ham hé s6 tap trung tmg suét (K,) duoc sir dung. Su thay doi cua hé sb tap trung tng suat dugc xac
dinh trén cac do sau (H, m) khéc nhau so véi mat dat, va cach tdm ctia duong ham tir Om dén 30m (bang
6,6 1an ban kinh). O khoang cach 30m trang thai ung suat-bién dang khi dao ham coi nhu bang trang thai
(g suat-bién dang cua khdi dat da khi & trang thai nguyén sinh. Hé sb tap trung ang suét duoc st dung vi
gid tri tuyét d6i cua wng suit s& khé phan tich va khong rd rang do su thay di cua do day céc 16p dé te va
I6p sét khién cho tng suat dimg oy = yH bi thay ddi theo.
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Hinh 2. Két qua phan tich ing sudt khoi dit da xung quanh dwong ham (chiéu day I6p sét tir noc ham
bang 5m) a-ay; b-ox
Ung suét ngang ctia khéi dat da trude khi dao hdm duoc 1a ox =0,=4yH=(0,306-0,31)yH, Vi 1 14 hé s
ng hong, trong ung Vi gia tri cua h¢ so Poatxong 0,23-0,3. ) ) .
Ket qua tinh toan tr md hinh ve su thay doi cua hé so tap trung (ng suat tai mat cat Nel khi chicu day
16p sét tir ndc ham bang 5m duoc thé hién & bang 2 va hinh 3.
Bdng 2. Sur thay déi ciia hé s tdp trung ing sudt tai mat cat Nel (chiéu day 16p sét bang 5m)

Do sau so voi Ung Khoang céch tir tim duong ham theo phuong ngang (m)
mat dat (m) Sut 0 5 10 15 20 25 30
40 oy 0,95 0,96 0,98 0,99 1,0 1,0 1,0
Ox 1,04 1,04 1,03 1,02 1,01 1,0 1,0
55 oy 0,76 0,92 1,02 1,01 1,01 1,0 1,0
Ox 1,09 1,08 0,98 0,95 0,96 0,98 1,0
60 (dinh ham) oy 0,4 1,2 0,93 0,95 0,97 0,99 1,0
Ox 0,66 1,18 0,75 0,85 0,92 0,97 1,0
64,5 (tam duong oy 2,42 1,15 0,97 0,98 0,99 1,0
ham) Ox 1,65 0,85 1,23 1,10 1,03 1,0
69 (chan ham) oy 0,35 1,03 0,97 0,97 0,98 0,99 1,0
Ox 0,38 0,95 0,88 0,95 0,98 0,99 1,0
74 oy 0,58 0,86 1,04 1,03 1,01 1,01 1,0
Ox 0,9 0,99 0,93 0,95 0,97 0,99 1,0
fﬁ- Hm
ﬂ% 561 8"
a%ﬁ \ﬁ‘\@,_@_@_,e
m} 6‘3//9\—9_—@—9—9—0
10} 74W

5 10 15 20 25 30
Khoang cach tir tim duong him (m)
Hinh 3. Su thay doi ciia hé sé tdp trung g sudt ¢ cac dg sau khac nhau tai mat cdt Nel (chiéu day
I6p sét tir nbc ham bang 5m)

Dua vao két qua tinh toan ta c6 thé nhan thay rang hé so tap trung ang suét 16n nhat Koy tai vi tri hong
duong ham va c6 gia tri bang 2,42. Tai noc ham, tinh tir bién ham, ng suét oy ting cham theo khoang
cach va dat ngan bang gia tri tng suit nguyén sinh tai vi tri 20m so vé6i tim dudng him. Tai chan ham,
gié tri ung suét 6,=(0,35+0,38)yH.
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Ung suat theo phuong ngang ox & I6p sét phia trén duong ham 16n hon tng suat nguyén sinh. Tai do
sau 55m (cach néc ham 5m), gia tri 1on nhit cia tng suit ngang duoc ghi nhan 1a 1,09yH.

Sy thay doi ciia hé sb tap trung tng suét theo chiéu day I6p sét & ndc ham tai cac mat cit Ne2 va Ne3
duoc thé hién trong bang 3.

Bang 3. Su phu thugc cia hé sé tap trung iing sudt theo phicong ditng va phirong ngang vao chiéu day

lop sét
Vi tri Chieu day Tai mat cat Ne2 Tai mat cat Ne3
I6p sét, m Ung suat Ung suat Ung suat Ung suat

ding ngang ding ngang
GoOc trén 5 1,12 1,21 1,32 1,88
20 1,08 1,07 1,18 1,56
O gitra 5 1,21 0,25 1,18 0,03
20 1,16 0,24 1,13 0,02
Goc dudi 5 1,07 0,96 1,12 1,25
20 1,06 0,96 1,08 1,22

Theo két qua tir bang 3 c6 thé nhan thay, tai mat cat Ne3 (tring v&i guong ham), (g suat ngang tap
trung 16n hon wng suat nguyén sinh tir 1,56-1,88 Ian, con tai mat cit Ne2 1a 1,07-1,21 lan. Hé sé tap trung
ng suét giam khi chidu day 16p sét ting, diéu nay dwoc giai thich 1a do 16p sét cé tinh chét co 1y “twong
dbi tot” va cach xa duogc 16p sét ngadm nudc phan cach véi ting dia tir.

Tuong ng voi sy thay ddi cua trang thai tng suét I su bién dang cua khéi dit da xung quanh dudng
ham. Hinh 4 thé hién d6 16n va hudng cua bién dang cua khdi dat da xung quanh ham tai gwong him &
cac do sau khac nhau tai mat cit Ne3.

——————————— 40m

0 20 40 80 80
—r 1 1 1

Dich chuyén, mm

Chidu day lép sét 20m

______ Chiéu day 16p sét 5m

——————— 55m

60m

64.5m

—=== == 69m

“““ 74m

0 5 10 15 20 25 30
Khoang cach tir tdm dwirng hdm, m
Hinh 4. Djch chuyén cua khéi dat da xung quanh dwong ham tai mat car Ne3

Tir két qua c6 thé thay r6 rang su dich chuyén cua khéi da huong vao khoang ham. Vi chiéu day 16p
sét mong hon (5m) thi do dich chuyeén I6n hon. D dich chuyén 16n nhat dugc nhan thay ¢ ving trung
tdm, quanh duong ham. Bien dang ¢ chan ham nho ¢ dinh ham. D¢ dich chuyén giam theo khoang cach
tam ham dén mat dat. Tai mat cat Ne3 gia tri dich chuyén lon n,hét tai né¢c ham khi chiéu d?y Ic’rp sét 5m la
52 mm, khi chiéu day I6p sét day 20m la 33mm. Tai cdc mat cat Nel va Ne2, sy dich chuyén dién ra tuong
tw, nhung v&i gid tri nho hon.
4. Két luan

Khi xay dung duong ham qua I6p sét, trang théi ung suat va bién dang cua khoi dat dé xung quanh
duong ham cd su thay d6i lon. Qua két qua nghién ciru c6 thé dua dén mot so6 két luén sau:
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- Chiéu day lop sét (tinh tir n6c ham) anh huéng dén mirc d6 tap trung wng suat va do dich chuyén cua
khéi da xung quanh ham. Ung suat tap trung va dich chuyén cua khdi dat da tang khi chiéu day I6p sét
glam.

- Hé sb tap trung tng suat dang 16n nhat dwoc ghi nhan ¢ vi tri hdng him ¢ mat cit Nel voi gia tri
2,42. Hé sb tap trung tng suat ngang I6n nhat tai goc phia trén gwong ham vai gia tri 1,88.

- Tai mat cit Ne3 (tring voi guong ham), d6 dich chuyén khéi dat da o vang xung quanh ham Ia 16n
nhét. Dich chuyén theo hudng vao khoang ham, 16n nhat & ndc va nén. Khi chiéu day 16n sét 12 5m, gié tri
dich chuyén 16n nhat & néc ham tai mat guong 1a 52mm.

Céc két luan trén gop phan cho viéc lya chon két ciu chong tam ¢ guong duong ham khi thi cdng mot
cach hop ly.

Tai ligu tham khao
Https://ru.wikipedia.org/wiki/I[lemepbypeckuii_memponorumen.

Iporocenst A.I. O nocmanoske 3adau no pacuemy HAZPY30K HA KANUMALbHbIE GbIPAOOMKU U
monennu.// Yemotiuueocms u Kpenienue 20pHwix evipabomok. Kpennenue u noodepoicanue 2opuix
svipabomok./ Cankt-IlerepOyprekuii ropusiii HHCTHTYT. 2012,

KpemueBa P.H. Hnowenepno —ceonoeuneckue u euopoceonocuyeckue Ycio8us COOPYIHCEHUs.
Jlenunepaockoeo memponoaumena. UBTHU. 1960.

ABSTRACT
Research on the state of stress-deformation of rock mass around
tunnel when tunnel is excavated in the clay layer

Nguyen Van Quang®”, Le Hoang Anh!
University of transport and technology

In process of building tunnel, some different geological conditions can be found, one in the common
case of them tunnel is driven in the clay layer. The strength of rock mass around crow, shoulder and
bottom of tunnel depends on physical properties of clay and the impact on the state of stress of rock mass
caused by the tunneling process. The state of stress-deformation of rock mass around tunnel is calculated
by 3D model on Abaqus software using principle of finite element method. Geological conditions of Saint
Petersburg city (Russia) in process of building metro lines are used in this research. The distribution of
stress-strain around the tunnel is given as the result of the research. The state of stress-deformation of
rock mass around tunnel depends on the thickness of the clay layer on top of the tunnel. The change of the
state of stress in process of building tunnel is shown by the stress concentration coefficient. Some
suggestions for building tunnels in the clay layer are given.

Key words: The state of stress-deformation; clay layer; the stress concentration coefficient.
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Trirong Dai hoc Cong nghiép Qudng Ninh

TOM TAT

Khi neo dugc sir dung dé chéng & duong 10 doc via dao bam try trong via than day, dau neo thuong
dugc ¢ dinh trong than, luc ¢6 dinh dau neo thuong rat thap, d6 1a nguyén nhan chinh lam giam kha
nang chiu tai ciia neo. Ma dudng 10 thuong c6 bién dang va pha huy rat manh, gay ra tai trong rat Ion tac
dung Ién thanh neo. Néu kha ning chiu tai cua neo thap, khd ma giir duoc 6n dinh cho duong 16, nguy co
xay ra sap 10 rat cao. P& ngan ngira hién tuong ndy, bai bdo da can cir vao két qua thuc nghiém kéo rit
neo trong than, danh gia anh huéng cua cac yéu t dbi voi kha nang chiu tai cua neo, tir d6 dé xuat giai
phép nang cao kha niang chiu tai cho neo.

Tir khoa: Kha niang chiu tai cia neo; luc ¢é dinh dau neo; chiéu dai cé dinh dau neo; luc kéo rit neo

1. D3t van dé

Hién nay trung binh mdi nam nganh than phai dao chdng tir 250300 km dudng 10, trong dé cac duong
10 trong da chiém khoang 25%, cac duong 10 trong than chiém khoang 75%. Theo ké hoach ciia Tap doan
TKV, nam 2018 mét 16 chéng neo dat 10% tong sb mét 16 dio mai, nam 2019 dat 20% téng s6 mét dao 10
méi, nim 2020 dat 30% tong s6 mét dao 16 méi, dén nam 2030 phan dau 70% mét 10 dao trong da chng
neo, 30% mét 16 dao trong than chdng neo (http://www.thanthongnhat.vn). Nhu vay, tuong lai sé mét 10
dao trong than chéng bang neo rat 1on va chii yéu 1a cac duong 10 doc via. Puong 10 doc via dao trong
than do chiu anh hudng cua khai thac thuong c6 bién dang va pha hay manh, gay ra tai trong rat 16n tac
dung 1én thanh neo (Vii Bac Quyét va nnk, 2017). Mit khac do dau neo thuong dwoc ¢b dinh trong than,
nén luc cb dinh cua neo rat thap, 1am cho kha ning mang tai ciia neo giam manh (Tinh Hong Vin va nnk,
2013). Trong trudng hop ndy, néu st dung neo théng thuong dé chéng giit, khé ma giit 6n dinh cho
duong 10, nguy co xdy ra sap 1o cao. Ngoai ra, neo chéng & 10 than 1am viéc theo nguyén ly tao vom nén
can phai tao du ung luc cao (Vii Bic Quyet va nnk, 2016; Khang Hong Phé va Vuong Kim Hoa, 2007;
Vi Tu Giang va Li Ngoc Phu, 2013), diéu nay cang can neo phal c6 kha nang chiu tai lon. _Trong khi do,
kha ning chiu tai cua neo than lai phu thudc nhiéu vao lyc ¢ dinh cia diu neo, ma lyc c¢é dinh cua neo
lai dwoc quyét dinh boi luc khang truot giira thanh neo véi chit dinh két, cuong d6 khang cit cua chat
dinh két, luc khang truot gitra dat da va chat dinh két, cuong do khang cit cua than ¢ thanh 15 khoan, ti 1é
chénh léch giita duong kinh thanh neo va duong kinh 16 khoan (Vii Bic Quyét, 2015). Thyc té nguoi ta
da st dung neo canh xoin dé chéng ¢ 10 than, nho d6 da nang cao dang ké kha ning cé dinh cua neo
(Khang Hdng Pho va Vuong Kim Hoa, 2007; Ha Man Triéu va nnk, 2004), nhung do ciu tao hinh hoc
cta neo canh XOan lai lam giam kha nang chiu kéo cua n6. Do do, kha nang chiu tai cua neo van chua dap
g dwoc yéu cau chéng giit & 10 than. Vi vay, can phai tién hanh nghién ciu thém vé van dé nay. Dé giai
quyét van dé nay, bai bao di thong qua két qua thuc nghiém kéo rut neo, danh gia dugc cac yéu té anh
huong dén kha ning chiu tai cua neo, tir &6 dé xuat giai phap nang cao kha ning chiu tai cho neo.

2. Nghién ciru dénh gia cdc yéu t6 dnh huéng dén kha ning chiu tii ciia neo trong than

Trén co sd sir dung t6 hop thiét bi VkéO'I’L'J'[ neo ENERPAC cua My, tién hanh thir nghiém kéo rit tai
hién trudng, tir d6 danh gid dugc cac yéu té anh hudng dén kha nang chiu tai ciia neo nhu sau:
2.1. Anh hwong tinh chdt co Iy ciia than dd déi véi khd néng chiu tdi ciia neo

Sau khi thi nghiém kéo riit neo tai hién truong voi neo cd dinh trong than va dé, cung sir dung chét déo
MSK2360 va neo MSGLW-400/20x2000 c6 dwong kinh 20mm, chiéu dai 2m, vai chiéu dai cb dinh dau
neo nhu nhau, két qua thi nghiém thé hién ¢ hinh 1 (Tinh Hong Van va nnk, 2013).

*Tac gid lién h¢
Email: quyetvu1980@gmail.com
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Tinh chét than d4 c6 dinh neo
Hinh 1. Két qua thi nghiém do luc kéo rit neo trong than va dd

Tir hinh 1 cho thdy, khi neo ¢é dinh trong than kha ning chiu tai cua neo la 7,5 tin. Con khi ¢ dinh
trong d4 14 14 tan, ting 1én 87% so vai khi ¢ dinh trong than. Két qua thé hién rd, tinh chét co 1y cua dit
d4 anh huong rat 16n dén lyc ¢ dinh neo.
2.2. Anh hwong chiéu dai dau neo va dwong kinh neo doi véi khd ning chiu tdi neo

Thuc nghiém kéo rat dbi véi neo MSGLW-400/20x2000 va neo MSGLW-400/22x2000 c6 duong
kinh lan Iuot 1a 20 mm va 22 mm, chéng & duong 10 than véi chiéu dai cd dinh dau neo thay doi ta c6
duoc mbi quan hé gitra chiéu dai c6 dinh dau neo vaéi luc kéo rit neo (hinh 2), két qua cho thiy:

18 25

y=0.152x+3.205
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g R*=0.996 € 20 | y=0550x+5.000
= g R*=0.976
212 =
3 =
- g 15
3 9 -
3
6 10
25 40 55 70 85 5 11 17 23 29 35
Chiéu dai dau neo, cm Chiéu dai diu neo, cm
a) Neo dwong kinh @20mm b) Neo dirong kinh @22mm

Hinh 2. Quan hé gisa lirc kéo rit neo véi chiéu dai cé dinh cia dau neo
- Quan hé giira lyc kéo rit neo va chiéu dai ¢ dinh dau neo véi neo c6 duong kinh 20mm va 22mm
déu c6 dang ham quan hé tuyén tinh, duoc thé hién bai cong thirc (1) va (2). Qua day cho thay khi chiéu
dai c¢b dinh ddu neo tang thi luc kéo rut neo ting lén.
Y, =0152x+3205 R?=0,996 )

Y,, =055x+500 R?=0976 @)

Trong d6: X - Chiéu dai cd dinh neo, cm; yzo, Y22~ Luc kéo rit neo véi dwong kinh 20mm va 22mm.

- Khi dudng kinh neo ting thi hé sé géc cua ham sé quan hé giira lec kéo rat neo véi chidu dai cé dinh
déu neo ciing ting. Vi neo c6 dudng kinh 20mm thi hé sé géc caa ham sé 1a 0,152, con khi duong kinh
neo la 22mm thi hé sé géc caa ham sb 1a 0,55, tang 3,618 1an so vé&i neo c6 duong kinh 20mm. C6 thé
thay, tang duong kinh neo s& phat huy dugc twong doi I6n luc ¢6 dinh neo.

2.3. Pdnh gid khd nang chiu tdi ciia neo ddu canh xodn khi chong ¢ 10 than

Neo dau canh xoan con lay tén goi 1a neo khang kéo rut cao duoc sir dung dé nang cao kha ning cb
dinh dau neo trong than (Khang Hong Pho va Vuong Kim Hoa, 2007). Dé lam rd hon van dé nay, tién
hanh kiém nghiém véi thanh neo diu canh xoin MSGM-235/18, chéng giit & hong 16 hoan toan trong
than, m&i mot thanh neo str dung mét tdi chit déo ma hiéu MSK3535 dé c6 dinh neo, neo c6 chiéu dai
1700mm va 2000mm, két qua thi nghiém (hinh 3) cho thay:

- Sb thanh neo dau canh xoén c6 chiéu dai 1700mm bi kéo tuét Ia 2 thanh, bi kéo dat & dau canh xoén
5 thanh va kéo dirt & doan dudi neo duoc tién ren la 2 thanh, chiém ti 1¢ so vai tong sb thanh theo thi
nghiém lan luot 12 22,2%, 55,6% va 22,2%; Con ddi vai thanh neo c6 chiéu dai 2000mm thi sb thanh neo
bi kéo tudt 1a 1 thanh, bi kéo dut & dau canh xoin 3 thanh va kéo dut & doan dudi neo dugc tién ren la 4
thanh chiém ti 1& so vai tong sb lwong thanh theo thi nghiém lan luot 1a 12,5%, 37,5% va 50%.
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Hinh 3. Két qua do kiém tra dang mat hiéu qua kéo rit neo

- Pbi vé6i neo dau canh xoin co chiéu dai 1700mm chu yéu bi kéo dut & dau canh xoén 1a chinh, con
Vvéi neo c6 chiéu dai 2000mm chii yéu bi kéo dut & phan dudi neo tién ren 1a chinh. Nhung gop lai, thi neo
bi kéo dut tai phan dudi tién ren 1a 35,3%, con ¢ dau canh xoin 1a 47,1% chiém gan maot nira. Nguyén
nhan cha yéu cua hién twong nay la do gia cong toi dat dau canh xoan di lam cuong do cia nd giam di.

- Khi thuc nghiém kéo rut, hién tuong dau neo bi kéo tugt rat it, chi chiém 17,6%. Diéu nay cho thay,
neo dau canh xoin di ngin duoc hién tuong kéo tudt dau neo tuong ddi tot. Nhung dong thoi ciing thay
dugc doan du canh xoan va doan dudi tién ren cua neo 1a vi tri xung yéu cua loai neo nay. Pay 1a nguyén

nhan co ban lam giam kha nang chiu tai caa né.

Luckéodut, 7t

Luc kéo dut, 10 t

/ i
(@) Neo bi kéo diit tai dudi tién ren b) Neo kéo diit tai dau canh xoan
Hinh 4. Hinh anh thé hién cac dang pha huiy ciia neo dau canh xodn
2.4. Pdnh gid dnh hwéng cia chiéu dai cé dinh ddu neo déi véi chuyén vi neo
Sau khi thuc nghiém kéo rdt neo HRB400 véi chiéu dai cé dinh dau neo khéc nhau, ghi lai luc kéo rat
neo va chuyén vi cua neo bi kéo troi ra (chuyén vi neo), ta thiét lap duoc dd thi thé hién quan hé giira
chiéu dai c¢b dinh dau neo véi chuyén vi neo (hinh 5).
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Chuyén vi kéo ra ciia neo, mm
Hinh 5. Pwong cong quan hé lic kéo rit neo ¢ néc 16 than va chuyén vi
Tir Hinh 5 cho thiy, néu ting chiéu dai cé dinh du neo thi géc nghiéng cua dd thi thé hién quan hé
gitra luc kéo rdt neo va chuyén vi neo ciing ting va c6 xu thé chuyén sang trang thai bién dang dan hoi.
Ngoai ra con thiy dugc, néu chiéu dai ¢ dinh neo twong ddi ngén, khi d6 chi hoi ting lyc kéo rit neo thi
doan cb dinh neo da bi truot, lyc khang kéo rit neo chu yéu dugc cung cp boi lyc ma sét cua doan dau
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neo. Khi chiéu dai c6 dinh diu neo du Ién, thi trong qua trinh kéo riit neo, lic dau thé hién trang théi bién
dang dan hdi, khi luc kéo rit neo dat dén gid tri nhat dinh thi doan c6 dinh dau neo méi bat dau bi truot.
2.5. Ddnh gid dnh hwéng chénh lgch ciia “3 dwong kinh” d6i véi luc cé dinh neo

Anh huong chénh léch cua “3 duong kinh” khi chdng giir neo chat déo l1a chi sy chénh léch giita duong
kinh 15 khoan, duong kinh thanh neo va duong kinh thoi chat déo anh hudong dén lyc ¢ dinh cia neo. Két
qua khao sat thuc té cho thay, néu ti 1& chénh léch giita 3 dwong kinh nho s& nang cao duoc lyc ¢b dinh
ctia dau neo. Nguoc lai, néu su chénh léch cua 3 dudng kinh ma 1on s& lam giam luc ¢ dinh neo, nguyén
nhan c6 thé giai thich nhu sau:

- Khi duong kinh 156 khoan qua I6n so vai duong kinh thanh neo, khi khudy tron, chat déo sé tir trong 16
khoan chay ra ngoai va khong duoc nén chat, chit déo khong chui dwoc vao cac khe nat xung quanh
thanh 15 khoan, khi déng ctig thuong bi xop, luc dinh két bi giam.

- Khi duong kinh thanh neo quéa nho so véi duong kinh tdi chat déo, khi lap dat, thanh neo chi dam
Xuyén qua tli chat déo ma khong 1am v va khudy tron déu dugc tdi chat déo, chat déo khong dat dugc
luc nén ép can thiét, ciing khong chui vao 1ap kin khe nut xung quanh 16 khoan, khong phéat huy duoc hét
tac dung von cé caa nd, dan dén khi kéo rat neo thi toan bo thanh neo bi kéo tut khoi 16 khoan. Két qua
khao sat thu duoc tai dwong 10 2505 mo than H6 Long Céu ciing cho thay rd, do sy khong can d6i 3
duong kinh nén khi héng 10 xay ra pha hay boc tach da rat toan b thanh neo ra khoi 16 khoan, thanh neo
chi xuyén qua tui chat déo ma chua khudy déu dugc tai chat déo (hinh 6) (Tinh Hong Vin va nnk, 2013).

Fé‘c:s7aslﬁhzaass7ssml23-:567391::::::s?estll23458789&:]12345678601

Hinh 6. Hinh dang phéa huiy ciia doan cé dinh dau neo ¢é dwong kinh 18mm

- Mit khéc do yéu cau thyc té chdng giir ma duong kinh va chiéu dai thanh neo ting 1én. Vi vay, khi
khoan 16 khoan phai ting duong kinh miii khoan va chiéu dai choong khoan 1én, con duong kinh choong
khoan thuong giit nguyén. Do d6 luc khang khi khoan 16n, d6 uén cong va d6 rung chodng khoan ting
manh, lam dudng kinh 16 khoan thyc té I6n hon rat nhiéu so véi yéu cau, khién cho su chénh léch giira 3
duong kinh tang, lam giam lyc ¢b dinh cua thanh neo.

- Ngoai ra, khi ldp dat neo ma khdng lam sach 15 khoan s& lam giam lyc dinh két va lyc khang bén
giita chit déo véi than d4 xung quanh 15 khoan, khién lec ¢é dinh dau neo giam.

3. Nghién ciru dé xuat giai phap nang cao kha ning chiu tai cia neo trong than

Vi két qua nghién ciru thuc nghiém kéo rit neo tai cac duong 16 than cho thy, kha ning chiu tai cua
neo trong than thudng thap hon rat nhiéu so véi neo da. Nguyén nhan chu yéu 1a do diu neo duoc ¢b dinh
& trong than 1am kha nang khang kéo rut neo giam 46,4% so Vi neo trong da. Ngoai ra, v6i dac tha bién
dang va phé huiy cta cac duong 16 dao trong than (16 doc via) thuong rét I6n, neo sir dung dé chong giir
trong than lai lam viéc theo nguyén Iy tao vom can tao dwoc du ung luc cao. Vi vay, dé nang cao kha
nang chiu tai cua neo trong diéu kién nay thi phai lya chon neo ¢6 cudng do chiu kéo cao, ti 1& dan dai 1on
va dac biét 1a phai dua ra giai phap nang cao kha nang c6 dinh dau neo trong than. Mt khac ciing phai
chi y 1am thé nao dé nang cao kha nang ¢ dinh ciia neo ma khéng anh huong dén kha nang tao vom gia
cuong neo. Bé dap tmg dwoc yéu cau dit ra nhu trén, can phai ¢ cac giai phap nhu sau:

- Chon loai thép HRB500 hoic HRB600 lam thanh cét neo, véi loai thép nay do c6 cuong do chiu kéo,
udn va cit cao s& nang cao kha ning chiu luc cho neo. Ngoai ra, thép con ¢ ti 1¢ dan dai 16n, 18n t&i 25%,
diéu nay gitip lam ting kha ning linh hoat cho neo, giam &p lyc dat da tac dung 1én chung, dam bao neo
c6 thé chong gitr dugc ¢ duong 10 ¢6 bién dang lén.
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Bang 1. Tham sé kg thudt chu yéu ciia thanh neo cwong dg cao (Vi Pirc Quyét, 2015)

Chat liéuthép | BDuong kinh bo dai Tai trong gi¢i | Tai trong khang CTA A AN
neo (mm) (m) han (T) kéo (T) Ti ¢ dan dai
20 2,0:25 18 24 25%
HRB500 22 2,0:25 21 28 18%
2 -+ 22 27 20%
HRB600 0 2,0-2,6 0%
22 2,0:2,6 22 30 18%

- Nang cao kha nang ¢ dinh dau neo trong than bang nhirng giai phap tong the nhu sau:

+ Ket qua thuc nghiém ¢ trén da chimg minh duoc, s dung neo dau canh xoan da nang cao dugc kha
ning ¢6 dinh dau neo trong than. Nhung do kich thudc hinh hoc ciia d¢au neo canh xoin di lam ton hai
dén tinh chét co hoc cuia thanh neo, khién cho cuong dé chiu tai cia né giam. Thyuc nghiém kéo rit neo tai
hién trudng cho thiy kha nang chiu tai ciia né khdng 16n hon 7,5t, nén khong thé tao dwoc hiéu qua chéng
giit cao. Vi vy, dé khic phuc vin dé nay, d& xuat sir dung thanh neo véi dau dang hinh con rén (hinh 7).

Hinh 7. Thanh neo thep x0dn dr g lirc cao véi dau neo h|nh con ran (Vii Birc Quyét, 2015)

So V6i neo dau canh xoan va neo thudng, neo dau hinh ran vén ¢6 3 vu diém:

@ C6 thé tao dugc cudng dd cao, neo dau hinh ran c6 thé 1a neo cuong do cao hoac siéu cao, co thé
dép tmg duoc yéu cau chdng gitr cudng do cao trong khu vuc (ng suit cao hoic khu vuc anh huong cua
tai trong dong do khai thdc mo gay ra.

@ C6 thé khudy tron déu chit déo tét hon, hiéu qua ¢ dinh tt hon so v6i neo canh xoén & trong cling
diéu kién.

(3 Véi dau neo dang hinh ran s& khong 1am ha thap cuong d6 chiu kéo cua thanh neo do anh huéng
ctia cau tao hinh dang ma neo dau canh xoén thuong xuyén gap phai.

Ngoai ra, do két cau ndi 16m cua diu neo hinh ran s& lam gia ting luc ma sét va lyc dinh két gitra chat
déo va neo, do d6 da nang cao duoc luc ¢b dinh neo trong than.

Tuy nhién, neo c6 dau dang hinh ran ciing c6 nhuoc diém Ia ché tao phuc tap, mot s6 vi tri ciia dau neo
phinh to hon dwdng kinh thanh neo di lam giam lugng chét déo lién két giita neo va dat d4 xung quanh 15
khoan. Diéu nay c6 thé s& lam giam lyc ¢6 dinh cia dau neo. Nhung véi d6 phinh khdng qué 16n so voi
duong kinh thanh neo (2mm) ma sy chénh léch giita duong kinh thanh neo va 16 khoan tir 6-10mm nén it
anh huong dén luc ¢é dinh neo. Bén canh d6 lai sir dung vanh ép chat déo, né vira c6 tac dung ép chat
déo, vira c6 tac dung gitr cho thanh neo ludn & giira 16 khoan nén da khéc phuc duoc nhuoc diém nay.

Thuc té thur nghiém kéo rut neo tai hién truong & ciing diéu kién da chirng minh, sir dung neo dau hinh
rin da nang cao lyc ¢é dinh cia dau neo 1&n 55% so vé6i neo thong thuong (Vii Duc Quyet 2015).

+ Tang duong kinh thanh neo (dung neo duong kinh 22mm) s& nang cao luc ¢ dinh neo ma van tao
dugc dy (ng lyc cao cho neo va vom gia cudng c6 kha nang chiu tai 16n (Vi Bic Quyét va nnk, 2017).

+ Tang chiéu dai cé dinh ddu neo nhiam ting kha ning cb dinh diu neo ma khdng anh hudéng dén chiéu
day vom gia cuong bang viéc dung 2 loai chat déo, mot loai déng cirng nhanh va mét loai déng cing
cham, tdi chat déo dong cimg nhanh dugc dua vao trudce, sau d6 dua ti chit déo dong cing cham vao.
Khi lap thanh cdt neo, chat déo dong cting nhanh s& dong ctng trude, ldc nay tao du éng luc cho neo. Khi
da tao du ung lyc cho neo thi chat déo dong ctiing cham mai dong ciing, nhd d6 ma ting dwoc chiéu dai
cb dinh neo nhung khong anh huong dén chiéu day ving tao du ang luc (Vi Buc Quyét va nnk, 2016).

+ Tranh dé xay ra hién tugng chénh léch “3 duong kinh” qua 16n. Dé dam bao nang cao hiéu qua c6
dinh dau neo, thi sy chénh léch giita duong kinh 16 khoan va duong kinh thanh neo nén chon bang
6+10mm, gitra duong kinh 16 khoan va dwdng kinh thoi chat déo bing 4+8mm. Khi khoan nhiing 15
khoan neo c6 chiéu dai va duong kinh 16n, ngoai viée ting duong kinh miii khoan va chiéu dai choong
khoan con phai chi y chon loai choong khoan c6 d6 cimg tang 1én va may khoan c¢6 cong suat 16n _nhém
giam do dao dong, ngin hién tugng dudng kinh 16 khoan bi m rong hon so véi thiét ké. Mat khac dé chat
déo dugc nén ép chat va khong bi chay ra ngoai, thi ¢ vi tri giap diu neo b tri vanh chan.
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4. Két luan

Qua nghién ciru bang thuc nghiém da chimg minh dwoc, nguyén nhan chinh Iam giam kha nang chiu
tai cua neo trong than 1a do sy thay doi tinh chat co hoc cua khdi d4. Dong thoi ciing cho thay, khi st
dung neo canh xodn d lam gia ting dédng ké kha nang c6 dinh neo trong than, nhung lai 1am giam dang
ké kha nang chiu tai cua thanh neo. Con néu duong kinh thanh neo va chiéu dai ¢ dinh neo ting thi luc
¢b dinh neo ciing ting. Nhung su chénh léch 3 duong kinh ma Ion lai 1am giam luc ¢ dinh dau neo.

Dé nang cao kha ning chiu tai cho neo than can phai c¢6 giai phap tong thé, két hop giira sir dung neo
cuong d6 cao c6 dau dang hinh con ran, cing vai sir dung neo duong kinh 16n (22mm), tang chiéu dai cd
dinh neo co chii y dén yéu cau tao du ing luc va tao vom gia cudng cho neo va giai phap giam su chénh
Iéch ctia 3 duong kinh. Qua d6 da nang cao dugc kha nang chiu tai ctia neo 1én 55% so v&i neo thuong.

Két qua nghién ctru nay c6 ¥ nghia hét sirc quan trong, di chimg minh duoc khi ¢ dinh neo trong than
van dam bao duoc lyc ¢é dinh cao, van tao duoc du tng luc cao cho neo nhim tao ra vom gia cudng dam
bao c6 kha nang ty chiu tai cao, giit dugc 6n dinh cho duong 10. Pong thoi ciing 13 cin ctr dé Tap doan
Than khoéang san Viét Nam thuc hién ké hoach chuyén tir viéc sir dung két cdu chdng giir truyén thong
sang chéng giir hoan toan bang neo.
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ABSTRACT
Propose solutions for enhancing load bearing capacity of anchors in
coal seam

Vu Duc Quyet™", Tran Thanh Hung*
!Quangninh University of Industry

When the anchors are used to reinforce in the longitudinal level over floor of coal seam, the top of
anchors are fixed permanently in the coal seam, the fixing force of anchor-top is usually small, that is the
main reason for reducing load bearing capacity of anchors. In that situation, the heading is usually
deformed and destroyed badly, which cause big load on the anchors. If the load bearing capacity of
anchors is small, it hard to keep the heading stable, that lead to the possibility of collapsing heading. In
order to prevent phenomena, base on the result of anchors pulling in the coal, the article evalue affection
of elements on the load bearing capacity of anchors, then the article propose solutions for enhancing load
bearing capacity of anchors.

Keywords: load bearing capacity of anchors, fixing force of anchor-top, fixing length of anchor-top,
anchors pulling force.
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Nghién ctiru anh huéng cia dong dat dén duong ham tau dién ngam
tiét dién ngang hinh vudng tai Ha Noi
Nguyén Chi Thanh* , Pham Quang Nam?
Trieong Pai hoc Mé - Pja chadt
2Vién khoa hoc céng nghé Mo-Vinacomin

TOM TAT

Ha Noi nam trong anh huong cia hai hé dit gdy Son La-Lai Chau-Dién Bién va h¢ dut gay Séng
Hong, do d6 viéc tinh toan anh hudng cua cac tran dong dat dén hé théng duong ham thugc tau dién ngam
Ha Noi 1a hét stc can thiét. Bai bao trinh bay mot sé phuong phép tinh toan anh huéng cua cac tran dong
dét t6i cac dudng ham khi cac duong ham c tiét dién ngang 14 hinh vuéng. Trén co s& cac phuong phap
nay, tinh toan va so sanh cac két qua thu dugc véi cac két qua nhan dwoc bang phuong phép sb sir dung
phan mém Abaqus véi moé hinh duong ham tau dién ngam Ha Noi khi duong ham c6 tiét dién ngang 1a
hinh vudng va chiu anh huong cua tran dong dat I6n nhat c6 thé anh huong dén khu vic Ha Noi va tir do,
dua ra cac kién nghi va nhan xét vé anh huong cia dong dat dén dwong ham tau dién ngam Ha Noi khi
dudng ham c6 tiét dién ngang 1a hinh vudng.

Tir khéa: duong ham tiét dién ngang hinh vudng, dut gay, dong dét, anh huong.

1. D3t van dé

Hién nay hé théng tau dién ngam dang dwoc phét trién tai khu vuc Ha Noi dé dap tmg dwoc nhu cau
phat trién cap bach cua thanh phd. Ha N6i nam trong pham vi anh huéng cua hai d6i dat gdy Séng Hong
va @it gdy Son La-Lai Chau-bién Bién (Gospodarikov and Thanh Nguyen Chi, 2017) nén viéc nghién
clru va tinh toan cac anh huong cua cac tran dong dat dén sy 6n dinh va ton tai cia cac duong ham thuoc
hé thong tau dién ngam caa Ha Noi 1a hét strc can thiét. Pa c6 rat nhiéu cac tinh toan vé sy tac dong va
anh huong cua c4c tai trong dong va dong dat dén cac duong ham thuoc hé thong tau dién ngam trén thé
gigi. Trong bai bao ndy, cac tac gia chi di vao nghién ciru anh hudng va tac dong cua cac tran dong dét co
cuong do 16n nhét c6 thé anh huong d&én mot mat cit ngang dic trung hinh vudng cua dudng ham thudc
hé thong tau dién ngam cua Ha Noi bing mot sé phuong phap nhu phuong phép giai tich cua Wood,
phuong phap s6 st dung phan mém Abaqus... tir d6 dua ra cac nhan xét vé anh huong cua dong dat dén
su 6n dinh cua cac dudng ham thugc hé thong tau dién ngam cua Ha Noi.

2. Cac phwong phap tinh toan

2.1. Phwong phdp Wood

Trén co s¢ cua phuong phap Wang (Wang, 1993) va Pezien (Penzien&Wu,1998), Wood (Wo0d,2004,
2005) da dwa ra mot s6 cac cong thuc dé tinh toan cho cac dwdng ham co tiét dién ngang 1a hinh vuéng
khi cac dudng ham ndy chiu anh hudng cua cac tran dong dat hay chiu anh hudng cua cac tai trong dong:

H_ 1 [100
T, :T1|: S} =P @
50 |\ 2G,
H. T 100
u =u, } Ps @)
| 50 2G,

! : (4)
B 2+3r+3jr
2+2r(2+2j+3jr)

P HS’%} @3

*Tac gid lién h¢
Email: nguyenthanh.xdctn47@gmail.com
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E 12 modul dan hdi Young cua vat lidu ché tao két ciu chéng caa duong ham; Iy va I, It lan luot 1a
moment quan tinh ciia mot don vi chiéu dai cia tuong, ndc va dam nén cua két cau chéng; Ts, Us,es, G, 1a
chu ki, dich chuyén, bién dang va modul dan hi cit cua Iop dat tai vi tri dang xét xung quanh dwong
ham;

H_la chiéu sau cua lép dat tai vi tri dang xét; Ty, U and &1 la cac gia tri twong rng cua I6p dat xung

quanh duong ham tng véi diéu kién tidu chuan theo Wood; o 1a dung trong cua dat; G 1a modul dan hoi
cét cua dat bao quanh duong ham trong truong hop ¢6 két ciu chéng; i« 1a tinh linh hoat dan hoi cua I6p
vo ham; R la ti I€ bien dang; Fila ti SO linh hgat; Kw 1a d6 ciing cua tuong trong vo ham; K. 1a d¢ cung cua
ndc vo ham; Ktla do cung cua vo ham tai nén; g la ti s6 gitra d6 cing cua tuong vo ham/dg cing néc vo
ham; j 1a ti so d6 cung cua nen vo ham/do cing noc vo ham; r la hé so d6 cung cua ndc vo ham/do cang
tuwong vo ham.

2.2. Phwong phdp sé siv dung phan mém Abaqus

Trong bai b4o nay, tac gia st dung phan mém Abaqus dé thiét Iap va xay dung mé hinh duong ham
thuoc hé thdng tau dién ngam cua Ha Noi. Puong ham nay c6 mat cat ngang tiét dién hinh vudng vaéi kich
thude 5,5x5,5 m. Puong hAm nam trong cac ving dit da dic trung gidng nhu Bang 1 trinh bay dudi day.
Trong nghién ciru nay, trudng hop tinh toan cho dudng ham duoc xét dén 1a trudng hop khong cé su truot
giita duong ham véi 16p dat d4 xung quanh, mé hinh lam viéc trong trang thai dan hoi theo Mohr-
Coulomb va ¢6 hé sé giam chan D = 5%. Khong xét dén anh huong cua cac yéu td nhu trong luc hay
nu6c ngam dén duong ham. Sir dung dit lidu cua tran dong dat El Center (theo SCEDC)IA tran dong dat
c6 céc tinh chat tuong tu nhu tran dong dét c6 cudong do I6n nhat c6 thé anh huong dén khu vuc Ha Noi &
trong chuong trinh. M6 hinh dwong ham véi I6p dat da dic trung xung quanh dugc chia thanh hai ving
dic trung, trong d6 cac giai doan xay dung va thiét Iap ctia md hinh dugc trinh bay nhu sau:

Giai doan 1: Xy dung md hinh cua dwong ham, két ciu chéng-vé chdng cua dwong him véi céc lién
két v&i moi truong dat da xung quanh;

Giai doan 2: Thiép lap cac diéu kién bién ciia mé hinh dudng him nhu gan cac tinh chat cia vo ham,
dat ¢4 xung quanh duong ham, gan cAc tai trong dong dat nhu gia toc dinh ciia cc tran dong dat tac dung
1én duong ham véi cac didu kién lién két da duoc thiét 1ap o giai doan 1;

Giai doan 3: Xac dinh cAc anh huong cua tran dong dat téi duong ham co mat cit ngang dic trung va
dua ra két qua.
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3. Céc thong sb vé dwong ham tau dién ngam Ha Ngi va tran dong dat tai day

%  LSp 1- Dat phlicé chiéuday 4,6 m
L&p 2-Sét mém cé chidu day 1,1 m
S5m 20m L&p 3-Sét cirng, nac co chiéu day 11,8
m
Puong
ham S—

L&p 4-Sét dic, cb chiu day 12,5 m

L&p 5-Sét pha cét, chiéu day 11m

ba
Hinh 1. Pwong ham tau dién ngam va cac |6p ddt tiwong img

Ha Noi nam trong ving anh huong cua hai d6i dit gdy Song Hong va Son La-Lai Chau-Dién Bién
(Gospodarikov va Thanh Nguyen Chi 2017, 2018). Tran dong dét I6n nhét c6 thé anh huéng dén khu vuc
Ha Noi c6 cuong do 1én dén My, = 6,5 richter, gia toc dinh amas= 0,2g. Pudng ham tau dién ngam Ha Noi
doan di qua khu vuc trung tim c6 d6 sau trung binh 1a H = 20m, dién tich mit cit ngang cia duong ham
1a S = 31m2 (theo Systra, 2011). Khoang cach tir bé mat dat dén 16p da gbc 1a 48 m va thuong chira 6 16p
dét d4 vai céc tinh chat nhu Hinh v& 1 va Bang 1. Puong ham c6 cac tinh chit sau: Kich thude cua mat
cit ngang cua dudng ham 5,5x5,5 m, vo chdng cua duong him la bé tong cét thép vai cac tinh chét
modun dan hoi E = 36500 MPa, hé sb Possion 1a v = 0,15, chiéu day vo chéng lat= 0,35 m.

Bang 1. Tinh chdt cua cac lép dat tai khu virc Kim M4, Ha Ngi- BH 13, km 20+230.4(Systra, 2011)

So6 thu Modun dan hoi A A A Dung trong caa
wiop | cuacholopdit, | poen | e | GHUISPTN | dittronglop,p,
dat E, MPa ’ g/cm?®
1 9,25 0,41 4,6 2 1,75
2 7,68 0,38 1,1 1 1,76
3 15,3 0,35 11,8 3 1,81
4 35,02 0,33 12,5 7 1,78
5 53,9 0,32 11,0 10 1,83
6 65 0,3 7,0 12 1,86

4. Cac két qua va théo lugn ‘ ,
Bang 2. Gia tri ngi lyc trong vé ham dudi anh hwong cua trgn dong dat

Céc noi lyc trong vo ham Phuong phap Wood Phuong phap s6 st dung phan
mém Abaqus
Mumax (KN.m/m) 145 89 -
5 (MPa) 7,145 6,012
Su khac biét - 3,434

Céc két qua tinh toan dwoc trinh bay trong bang 2 va cac biéu do trong cac Hinh vé s 2, 3, 4. Dya vao
két qua trong Bang 2 va Hinh vé& s6 2, 3, 4. C6 thé thay rang gia tri ung suat lon nhat xuat hién trong vo
chdng cua duong ham khi mat cat ngang ciia duong ham 1a hinh vudng dudi anh huong cua tran dong dat
V6i cac thong sé da trinh bay & trén 1a ow = 7,145 MPa, gia tri tng suit cuc dai trong vé chéng duong
him theo phuong phap sb sir dung phan mém Abaqus la oa = 6,912 MPa, d6 chénh léch giita hai phwong
phap la 3,434 %.
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Hinh 4. Gia trj bién dang cua vé chong ham dudi anh hweng cia déng dat

5. Két luan

Dong dét 14 hién tuong tu nhién rat khé du doan va tinh toan su anh huéng cua c4c tran dong dat nay
dén sy tn tai va 6n dinh cua cac cong trinh trong pham vi anh huéng cua ching. Trong bai béo nay, cac
tac gia da trinh bay va st dung phuong phép giai tich cia Wood (Wood, 2004, 2005) ciing nhu st dung
phuong phap s6 cung véi phan mém Abaqus dé thiét 1ap mo hinh duong ham thuoc hé thong tau dién
ngam Ha Noi, doan chay qua khu vuc trung tam cua Ha Noi dé tinh toan anh huong cua tran dong dat Ion
nhat c6 thé tac dong tai khu vuc nay trong truong hop duong ham nay cé tiét dién ngang la hinh
vudng.Thong qua cac két qua thu duoc tir hai phuong phap gidi tich va phuong phap s nén trén, c6 thé
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thay:

- Su chénh léch ciia cac gia tri tng suatcuc dai xuat hién trong vo ham dudi anh huong cua tran dong
dat co cuong do 16n nhat ¢ thé anh hudng dén khu vuc nay duéi phuong phap gidi tich cua Wood
(Wood, 2004, 2005) va phuong phap s6 si dung phan mém Abaqus khi mit cit ngang cua dudong ham la
hinh vuéng la khéng 16n, c6 gia tri 3,434 %. Diéu nay ching té sy chinh xac cua cac phuong phéap sir
dung d¢é tinh toan anh huéng cua dong ¢t dén duong ham tai day;

- Puong ham tau dién ngam Ha Noi di qua khu vuc trung tim Ha Noi dudi anh huong cua tran dong
dat co cuong do 16n nhat c¢é thé anh huong dén khu vuc nay hoat dong on dinh va bén ving (do c6 tng
suat xuat hién trong vo chdng 12 omax = 7,145 MPa < ogn = 22 MPa, trong d6 ogn 12 gia tri ung suat bén
ctia vat lidu l1am két cau chdng cua duong ham).
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ABSTRACT
The impacting of earthquakes on the squared metro tunnel
in Hanoi area

Nguyen Chi Thanh'", Pham Quang Nam?
'Hanoi University of Mining and Geology
2Institute of Mining Science and Technology

Hanoi is located between two major fault systems: the Red River fault system and the Son La-Lai
Chau-Dien Bien fault system, so the calculation of the impact of earthquakes to the tunnel in the metro
system Hanoi is very necessary. This paper presents some methods of calculating the effect of
earthquakes on tunnels when the tunnels's cross-sections is square. Based on these methods, calculate and
compare the results obtained by Wood's method with the results obtained using the Abaqus numerical
method and from there, make recommendations and comments on the impact of the earthquake to the
tunnels of Hanoi metro system.

Keywords: square tunnel, fault, earthquake, method, impact
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TOM TAT

Thiét ké cong trinh ngam tiét dién nho c6 nhiéu van dé can dbi mat doi hoi ki su phai tim hiéu va nim
bat dwoc nham nang cao hiéu qua khi xay dung, ting toc do dao ciing nhu c6 thé phong tranh dugc cac sy ¢b
c6 thé xay ra trong qua trinh thi cdng. Viéc nghién ciu cac van dé con ton tai trong thiét ké duong ham tiét
dién nho 1a nhu cau can thiét boi cac van dé d6 déu mang tinh ki thuat va c6 anh huong truc tiép dén chat
lwong cdng trinh. Trong bai béo tac gia gidi thiéu 10 kién nghi, dé xuat cin dugc luu ¥ nhit dé co thé giup
céc ky su thiét ké c6 cai nhin thiét thuc vé mot s van dé can phai quan tam khi thiét ké duong ham tiét dién
nhé. Trén co s& d6 s& tang dugc chat lugng, dam bao tién do cua du &n trong khi xay dung cong trinh.

Tir khoa: Cong trinh ngam; Cong trinh ngam tiét dién nho; May dao ham; May dam ham loai nho

1. D3t van dé

Trong nhitng nim gan day, qua trinh phat trién kinh té-xa hai va téc d6 d6 thi hda dién ra nhanh chéng
& Viét Nam. Dé dap wng nhu cau phét trién caa nén kinh té-xa hoi cua dat nudc trong thoi ky cong nghiép
héa, hién dai hoa dat nuéc thi cac van dé quy hoach, thiét ké, xay dung ha ngim cac co s ha tang nhu hé
thong duong day dién, cap thong tin, hé thong cép thoat nudc,... bang cac cong trinh ngam tiét dién nho
(CTNTDN) la rat can thiét. Bé thi cong CTNTDN c6 nhiéu cac phuong phap khac nhau nhu: dio bang
thii céng, khoan nd min hay may dao ham,...Hién nay khai niém CTNTDN la tuong di vi nd phu thudc
vao cdng nghé thi cong. Vi du, thi cong bang khoan né min va sir dung may khoan cam tay thi tiét dién
nhé duoc cho 1a nho hon 16m?, néu st dung xe khoan thi tiét dién nho lai duoc cho 1a nho hon 40m2 Tuy
nhién xay dung caccCTNTDNs& dam bao dwoc cac yéu cau vé my quan thanh phd, d& dang duy tu, bao
dudng, van hanh, stra chira va quan ly. Hién nay cac CTNTDNthuong duoc thiét ké trong d6 thi, noi co
lwu lwong giao thong lon nén vige thiét ké ky thuat va thi cong can duoc xem xét ky, dam bao tién d¢ thi
cong va cac tac dong dén moi truong xung quanh. Phuong phap thi cong cong trinh ngam (CTN) bing
méay dao ham loai nhé (MDHLN) l1a phuong phap thi cong tién tién va phu hop véi céc yéu cau trong
khong gian chat hep, khu dan cu tap trung, mat do giao thong cao va didu kién kinh té-x4 hoi cua nuéc ta
trong giai doan téi. Phuong phap thi cong bang MPHLN la phuong phéap thi cong co gisi hoa cao, giam
thiéu dang ké cac tac dong cua xa hoi va méi truong. Tuy vay, khi xay dung cac CTNTDN ludn gap phai
nhiing van d¢, thach thuc bat bugc phai nam bét tim hiéu that ky de c6 the 1am nén tang dam bao giai
doan thiét ké, thi cong xay dung la ti wu. Trong bai béo, tac gid dua ra 10 van dé can luu tim di véi
nguoi thiét ké, thi cong can nam vimng dé c6 thé nang cao chat luong thiét ké ciing nhu thi cong CTN
bang MPDHLN. 10 dé xuat la:

% Van dé vé dia ky thuat;

Ban vé ky thuat;
Dic diém ky thuat;
Giéng thi cong;
Chudéng ngai vat;
Giai quyét tranh chép;
Cong tac diéu tra, khao sét;
Hé thong dan huéng va diéu khién trong qué trinh thi cong;
Vira lap day khe ho ky thuat giira dat da va vo chong CTN;
Hé thdng kich day trung gian.
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2. 10 @& xuit nang cao higu qua thiét ké thi cong cong trinh ngam tiét dién nhé
2.1. Vdn dé dja ky thugt

*Tac gid lién h¢
Email: dangtrungthanh@humg.edu.vn
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Dia ky thuat ludn 1a nén tang dé thiét ké, thi cong cua bat ky cong trinh xay dung néi chung va dac biét
quan trong véi cac cong trinh bén dudi bé mat. Viéc diéu tra, khao sat cac thong tin vé diéu kién dia ky
thuat khong day du hoac khong chinh xac gay khé khan trong thiét ké, thi cong cong trinh ciing nhur lam
cho nha thau c6 nhiéu rii ro trong viéc chuan bj bao céo dé dua ra gia thau canh tranh. Hién nay dé
nghién ciru, xac dinh diéu kién dia k§ thuat xung quanh cong trinh chu yéu dung phuong phép khoan, sur
dung mang luéi 16 khoan dia chét cach nhau téi thiéu 150m hozc it hon dé dam bao c6 thé du doan tuong
dbi chinh x4c diéu kién dia chat cling nhu diéu kién dia chat cong trinh xung quanh khu vuc CTN di qua.
Ngoai ra, cac 16 khoan nén dugc thuc hién tai vi tri d duoc du kién tuyén duong ham di qua. Cac 15
khoan nay khéng chi cho phép hiéu o cac diéu kién s& gap phai khi xay dung giéng thi cong, giéng nhan
ma con toan tuyén CTN. Cac du béo vé diéu kién dia k¥ thuat chi tiét khong nhitng cho phép nha thau
chuan bi tét hon cac giai phap thiét ké k§ thuat ciing nhu phuong an thi cong ma con 1a co s¢ dé nha thau
chuén bi cac giai phap khac phuc su ¢6 (néu cd) trong qua trinh xay dung.

Nhiing théng sb quan trong vé tinh chét co hoc cua dit d4 can dugc diéu tra khao sét chi tiét 1a: 6 bén
nén, c& hat va tinh déo cua dat két dinh. Ban vé mit cit dia chat phai duoc thiét 1ap voi do chinh xéc cao
dé nha thau, chii dau tu va co quan thiét ké c6 thé hiéu chinh xac diéu kién dia chat duéi mat dat ciing
nhu céac diéu kién dat d4 & cac vi tri khac nhau c6 anh huong dén cong tac thi cong CTN nhur thé nao.

2.2. Bdn vé ky thugt

Cac ban v& mat bang cung cac ban vé mat cat thé hién phan co ban va quan trong nhat caa hd so tai
liéu hop dong. Poi vé6i du an xay dung duong ham bang MPHLN, ban vé bao gdm thong tin thiét ké co
ban cua 16 khoan c6 d& cap chi tiét vé chiéu dai, do sau, d6 nghiéng va d6 ddc. Mot sb théng sé quan
trong can duoc biéu dién trén ban v&: cac vi tri 15 khoan trén mat bang, dit liéu cac 18 khoan dia chat, kich
thudc va vi tri tryc gan dung, cac vat liéu dng duoc cho phép, cac yéu cau vé thiét ké nhu: cai tao mat dat
hoic vira bao phu, thiét bi giam sat, phan doan hodc céc khu virc lam viéc. H6 dao thing dung la yéu cau
dbi v6i hau hét cac doan giao cit co duong ham tiét dién nho.

Mot khu vuc can dugc xem xét, can nhic khé chi tiét trong céc dy &n c6 sir dung MDHLN 1a mit bang
du dé xay dung giéng va bé tri cac hoat dong trong khi thi cong CTN. Viéc lap dat, bé tri céc trang thiét
bi phuc vu thi céng khi sir dung MDHLN phai rat linh hoat, cho phép bd tri da dang va phu hop véi
khdng gian xung quanh c6 sin.

2.3. Pic diém ky thudt

Céc ky su danh phan Ién thoi gian ciia ho dua ra thiét ké so bo du an. Dé giam chi phi va thoi gian
thiét ké so bo cac ki sur co thé mua lai hodc tham khao tir du an tuong ty da duoc thiét ké bai céc cong ty
khéc. Mot thiét ké toi c6 thé do nhiéu 16i nhu: khong 4p dung cac nguyén tic thiét ké co ban, 1&n ké hoach
hay k¥ thuat kém, bo qua nhitng quy dinh bit budc ciia mdi nganh, truyén thong khdng hiéu qua,... Trong
thiét ké ky thuat khong don gian chi 1a tap hop roi sap xép, hodc tham chi chinh sira, né 1a viéc thém cac
gia tri va y nghia, @& minh hoa, dé don gian hoa, dé lam rd, dé thay doi, dé lam cho dep d&, dé kich tinh
hoa, dé thuyét phuc va tham chi dé giai tri. Cac dic diém ky thuat cua du 4n xay dung can phai duoc xay
dyng tinh toan chi tiét, can than dé giai quyét cac khia canh doc dao cua du an. Cac dic diém ky thuat nay
can duogc sip xép mot cach hop 1y dé theo d6 nha thau thi cong c¢6 kha nang thuc hién cong viéc. Chi cho
phép céc lua chon kha thi di véi cac didu kién trén bé mit va yéu cau cua du an.

Theo dinh ky néu can thiét thi can phai thué céc ky su chuyén mén cao dé ho danh gia chinh xac va
phé duyét cac thdng s ky thuat tinh toan.

2.4. Giéng thi cong

Giéng duoc xay dung khi co thé thi cong dugc béng nhimg phuong phap phu hop voi didu kién mat
dat va nuéc ngam du kién. Dé gitr 6n dinh thanh giéng c6 thé sir dung céc bién phap khéac nhau nhu: trong
diéu kién nudc ngdm cao c6 thé sir dung tiét dién tron, st dung tudng coc chdng va cac tam chén cho diéu
kién ¢ it hodc khong ¢ ap luc nudc ngam hodc st dung cir thép cho dleU kién nuoc ngam cao.

bay gleng can phai co d6 6n dinh khi thi cong CTNTDN. Day gleng khdng on dinh c6 thé do hién
tuong bung nén, ngap nude va day ciing la mot trong cac nguyén nhan dan dén sy cb, khong hoan thanh
duong ham. Dleu kién mat dat va nuéc ngam phai dugc dleu tra ky ludng dé c6 thé danh gia dugc nhiing
rui ro cho day giéng va kha nang xdy ra hién tuong bung nén. Trong béo céo nén de cap dén do cao nu6e
ngam thiét ké, do sau nudc ngam bén ngoai va bén trong cho phép, cac yéu cau Vé giam sat nudc ngam,
cac yéu to an toan t6i thiéu khi nang, ha muc nuéc ngam. Can phai co yéu cau cua nha thau dé tuan tha
céc tidu chi thyc hién. Trong thi cdng CTN bang MPHLN, giéng 14 noi b tri tudng phan lyc dé tién hanh
kich ddy vi vay phai giéng phai duoc thiét ké, dam bao én dinh trong qué trinh kich. Giéng dam bao do
kin dé c6 thé ngdn ngira bun hodc chat boi tron thoat ra ngoai tir CTN vao giéng trong khi kich diy. Cac
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vén dé pho bién khac trong giéng nhu khong di dién tich san, khong 6 san cong tac can dugc luu § trong
qua trinh thi cong cling nhu bo tri trang thiét bi.

2.5. Chwéng ngai vt

Chuéng ngai vat c6 thé gay su b, ngan can su di chuyén cia MDHLN va dén dén kéo dai thoi gian thi
cong tang gia thanh xay dung. Khi gap chuong ngai vat, néu su ¢ xay ra dé khic phuc dang su ch nay
thong thuong phai xay dung mot gieng cu ho dé loai bo chudéng ngai vat hoic loai bo tic nghén tai dau
dao. Hién nay dé xac dinh cac chudng ngai vat c6 thé sir dung may siéu 4m xac dinh kich thudc chudng ngai
vt c6 thé gap phai khi MPH di chuyén. Kich thudc chudng ngai vat dwoc tinh todn xem vuot qué bao nhiéu
phan trim so v6i duong kinh MPHLN, vi du: vuot quéa 25%-33% duong kinh cia MDHLN. Mot tiéu chi
ciing rt quan trong 1a d6 bén téi thiéu cua chudng ngai vat thuong duoc chi dinh dé xac dinh, ching han
cuong do nén khong vuot qua 200 Mpa. Thuc té do bén tdi thiéu ciing khong phan anh ding nguyén nhan
gay ra su ¢d Va rat nhiéu cudn soi nho c6 thé tich tu trong bu0ng nghién va gay ra tic nghén ngan can sy
hoat dong cua dau dao (H.1). Cac nha thau thi cong luu ¥ rang cac khe hé trong hé thong cit ciaa MPHLN
chi c6 thé chira cac chuéng ngai vat téi da 1én tir 20%+22% dudng kinh cia MPH.

Hlnh 1 Mgt so chwo’ng ngal Vat a) Da SO1 (D Bennett 2010); (b) Pa tang (A. Alan., 2013); (c) Vat liéu
cao su (http://www.herren knecht.com.)

2.6. Gidi quyét tranh chdp

Giai quyét tranh chap 1 giai quyét cac tranh chap ton tai tai hién truong va that khdng may, cac tranh
chip xay ra rat pho bién khi thi cong CTN dudi 1ong dat. Thuc té chi ra s& rat hiru ich néu chii so hitu va ky
sur tai hién truong chu dong tham gia vao diéu tra nguyén nhan xay ra tranh chap, tir do c6 thé dé xuat cac
bién phap giai quyét. Tuy nhién day la van dé ma thong thuong chu so hitu s&€ khong dong y thuc hi¢n theo
phuong an nay. Mot s6 chu s¢ hitu la cdc co quan nén dé xuat va kién nghi v6i cac nha thau dé giai quyet
c4c van dé tranh chap tir sém trude khi cac tranh chap nay trg thanh nhiing van dé lon. Trong ca thuc té va
trong khi nghién ctu bai bao nay ching minh ring chi phi cua viéc cham tién d6 va tir chéi thau 1a cao. Do
d6 cac chu so hitu nén dua ra y tuong dé giai quyét tranh chap va thiét 1ap mot co ché dé giai quyét tranh
chip véi cac nha thau.

2.7. Cong tdc diéu tra, khdo sat

Khao sat 1a mot yéu cau co ban cho tit ca cac dy &n CTNTDN. Tuy nhién chinh boi vi diéu nay, cong tac
khao sat thuong khong nhan duoc su chd y nhiéu tir chii dau tu. Tuy nhién d6 chinh xac ciia cong tac diéu
tra, khao sat la rat quan trong cho su thanh cong ciia du 4n. Cac nha thau nén chi dinh cac nha khao sat co
kinh nghiém 1am viéc, thi cong véi MPHLN. Chi dinh kiém tra chat luong dé dam bao cong tac diéu tra,
khdo sét dugc chinh xac. Qua nhiéu CTNTDN di léch huong do sai s6t trong qué trinh khao sat, két qua
khao sat khong ding véi thuc té thi cong hodc cong trinh dugc xay dung khong ding tuyén Can thi cong.
Ngoai ra, khi xay dung cac giéng (giéng thi cong va giéng nhan), bao gom ca ddy gieng ciing can phai yéu
cau diéu tra, khao sat chinh xac. Do cao day gleng la thong s6 rat quan trong dé cho phép nha thau hoan
thanh tuyén duong him ding cao do. Vi tri day giéng ciing rit quan trong dé tinh toan do léch theo phuong
thing dung.

2.8. Thiét bj ddn hweng

Mot trong nhitng uu thé duge wu chudng khi thi cdng CTNTDN biang MPH 1a cac duong 6ng dugc thi
cong véi do chinh xac cao. MPHLN sir dung hé thdng laser (H.2) cho phép thi cong lap dat cac 6ng kich ép
Vai sai s6 £2.5cm so vai cao do thiét ké. Do chinh xac da dat dwoc doi voi nhiéu du &n tuy nhién van con
mot sb thach thirc ton tai néu mudn dat dugc do chinh xac +2.5cm cho nhiéu dy an khac nhau.
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Hién nay viéc dinh huéng bang laser c6 the hoat dong rat hiéu qua voi cac duong ng Ion, c6 chiu dai tix
ngan dén trung binh. Tuy nhién véi duong ong co duong kinh nho va chiéu dai CTN lon c6 thé gay kho
khén cho viéc dinh huéng bang laser. D¢ laser chiéu thang, chinh xac doi hoi mat do khong khi va do am
ph hop trén sudt chiéu dai cua tia laser. Trong khi d6 méi truong bén trong dng kich khi thi cong khong
phai lac nao ciing dat dugc cac yéu cau d6. Moi truong trong dng kich thuong nong va am hon, dic biét vi
tri gan MDHLN. Sy khéc biét vé mat do giita khong khi mat, kho hon gan giéng va khong khi nong hon gan
guong ham c6 thé gay khuc xa tia laze, dan dén viéc dinh hudng di chuyén ciia MPH bi sai léch. Nha thau
¢6 thé va sir dung bién phap thong gié dé giam thiéu nhitng anh huong nay.

Measurement wheel
Reference module

North-seeking
Gyro compass

1 Altitude sensor Il
Hose line

Altitude sensor |

* (@) |

Hinh 2. Hé thang ddn hwéng Laser (GNS-P) cho CTN khi ¢é doan cong
(http://www.herren knecht.com.)

Neu dy an yéu cau do chinh xac cao, két hop véi duong kinh ong nhoé hoic chiéu dai CTN 16n thi nha
thau Can cung cép cac tinh nang thich hop bao gom céc yéu cau veé thiét bi va phuong phap khac phuc sai
léch can thiét. Hién nay céc hé théng dan duong méi dang bat dau xam nhap vao thi truong véi do tin cay
duoc cai thién dang ké cho cac CTN c6 chiéu dai I6n, cong va tiét dién nho, noi cac laser truyén thong gap
khé khan. H.2 (bén phai) mo ta hé théng dan hudng mai c6 thé dat do chinh xac voi sai s6 £2.5cm trén
nhimg doan dwong ham dai bat ké méi truong bén trong dng kich dy gay can tre. Tuy nhién céc hé thong
nay co chi phi cao nén chua dugc sir dung rong rai.

2.9. Vira ldp day khe hé kj thugt giira dét dd va vé chéng cong trinh ngam

Lép diy khe ho ky thuat gitra duong éng va vo chéng CTN bing vira xi ming 1a khong can thiét va
khéng c6 hiéu qua. Luong vita duge bom vao hdu nhu khong dang ké va dudi 4p suat bom hop ly s& khong
thé loai bo dung dich bentonit trong khe hé nay. Tuy nhién trong mot sé diéu kién phai bom vira vi du CTN
di qua cac khu vuc c6 giao cit quan trong nhu véi dudng cao tdc dé tranh c4c hién tuong sut 1in do céc tac
dong cua ngoai lyc gay nén. Tuy nhién theo quan diém cua téc gia la khéng phan ddi viéc bom vira vao
vong chdng, nhung khong can thiét va thiéu hiéu qua. Biém mau chét 1a vira chi ¢ hiéu qua khi duoc thyuc
hién ngay sau khi hoan thanh qua trinh khoan kich day, trudc khi dat da dich chuyén xung quanh éng kich.
Ngoai ra, can sir dung cac vat liéu thich hop dé co duoc mét hdn hop tu chay bao boc sudt dién tich ciing
nhu chiéu dai CTN. Hién nay mot s6 nha thau sir dung hdn hop giita xi mang va bentonit, khong c6 cot ligu
thd hoac min. Hon hop nay hoat dong tot lap day khe ho k§ thuat gitra dét d4 va vo chong CTN.

2.10. Hé théng kich ddy trung gian (1JSs)

Tram kich trung gian (H.3) dé bao dam qua trinh kich day khong xay ra su 00 khi thi céng cac tuyen
dudng ham dai va yéu cau can ¢ lyc kich ddy trung gian dé tranh hién tuong v& dng kich do gisi han vé
kha nang chiu luc caa ng kich. Vi tri hop 1y cho IJS duogc x4c dinh dua trén kha ning chiu luc cua éng kich
da qua gigi han cho phép.
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o (b)

Hinh 3. Tram kich day trung gian (http://www.gmcengineering.com/product-detail.php?id=139301)
() Tram kich ddy thuc té; (b) Tram kich ddy md phong

3. Két luan va kién nghi

Céc véan dé dugc tim hiéu ciing nhu phan tich cac kién nghi, dé xuat trong bai b4o cé thé gilp cac k§ su
thiét ké c6 cai nhin thiét thuc vé mot s6 vin dé can duoc quan tam khi thiét ké duong ham tiét dién nho.
Thuyc hién day du yéu cau cia 10 van dé dugc phan tich dé cap bén trén s& gép phan nang cao hiéu qua khi
tién hanh thiét ké, thi cong CTNTDN. Bénh canh d6 1a tir thuc té 1a cac duong ham tiét dién nho ¢ nudc ta
dang trong giai doan phét trién, dong thoi nudc ta ciing chua co cac tiéu chuan trong cac khau cong viéc lién
quan dén dén thi cong CTNTDN nén tac gia kién nghi cac co quan quan 1y, cac co quan tu van thiét ké va
cac don vi thi cong can thiét 1ap moi luc luong can bo chuy@n mén, tim hiéu cac kinh nghiém & nuéc ngoai,
chuan bj doi ngii thi cong va dic biét phai tim hiéu ky 10 van d& co ban néu trén true khi tién hanh thiét ké,
thi cong CTN. Cac don vi tur véan thiét ké can co ddy du cac tai liéu lién quan dé ndm bét va hiéu rd duogc céc
yéu cau vé ky thuat chuyén mon dé tir d6 co cac phuong phép xay dung hoan thién cac van dé dé phuc vu
cho cong téc thiét ké CTNTDN. Can ndm bét dwoc rd noi dung tirng van dé dat ra, tim hiéu thong tin di liu
day du chinh xéc, trién khai phan tich noi dung tirng van dé dé tir d6 1am co s& cho cong tac thiét ké ky thuat
CTNTDN dé nang cao chét lwong ciing nhu dam bao ding yéu cau ky thuat.
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ABSTRACT
Recommendations for improving tunnel construction with microtunnel
boring machines

Dang Trung Thanh%*
IHanoi University of Mining and Geology

In this paper, the author elected to focus on microtunneling and discussions with contractors to glean
some of the most promising ideas. The presentation organizes the results of frank discussions with
experienced microtunneling and pipejacking contractors about common problems that persist intunnel
construction with microtunnel boring machine. Through this collaborative process, the author hope to
highlight elements that can improve tunnel construction with microtunnel boring machine and reduce
risks and uncertainty.

Keywords: Microtunnel Boring Machines (MTBM); Tunnel.
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E‘RS E / HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
N N A A - A A - - 1
JARIHSCENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Panh gia anh huong cua viéc xay dung cong trinh ngam
tai cong trinh trén bé mat
Nguyén Tai Tién'*, Nguyén Vin Quang?
Trirong Dai hoc Mo Saint-Peterburg, Lién Bang Nga
2 Truong Dai hoc Cong nghé Giao théng Van tdi

TOM TAT:

Hién nay, ¢ cac thanh phé Ién nhu Ha Noi va thanh phé H6 Chi Minh dang c6 rat nhiéu tuyén tau dién
ngam di va dang dugc nghién ciu trién khai. Qua trinh xay dung cac dudong ham sé gay tac dong dén dén
khdi dét xung quanh va céc cdng trinh lan can. Ln trén bé mat dat 1a mot trong nhirng hién twgng thuong
gap khi xay dung cac duong him ndm nong dao trong dat yéu. Lun c6 thé gay ra nhidu hau qua nghiém
dbi voi cac cong trinh 1an can va chinh ban than duong ham. Trong bai béo di phén tich nguyén nhén gay
lan, phwong phap xac dinh d 1Gn va anh huong cua lun dén cac cong trinh trén bé mat, danh gia muic do
phé hity ciia cong trinh do 1an bé mat. ‘Trong bai bao, tac gia s dung phuong phép nghién ctu ly thuyét,
phan tich, tong hop tir d6 dua ra cac két luan. Bai bao ciing chi ra cac yéu to dé danh gia mirc d6 phéa hiy
cua céng trinh.

Tir khéa: Cong trinh ngam, 1Gn bé mat; mie do pha hay; cong trinh bé mit;

1. D3t van dé

Viéc thi cong cac cdng trinh ngam, nhat 1a nhitng cong trinh ngam nam & d6 sau nho s& gay ra lin bé
mat. Lan bé mat tdy thude vao do Ién ciing nhur vi tri twong quan ciia ¢ong trinh véi phéu 1an s& gay anh
huéng t6i céc cdng trinh tir anh huong nhe cho téi pha huy nghiém trong cong trinh. Trén thé gidi viéc
nghién ciru anh huong cua viéc xay dung cdng trinh ngam téi cong trinh trén bé mat da dwoc thuc hién rat
nhiéu nhu Burland va nnk (Burland, J.B. & Wroth, C.P., 1974); Boscardin & Cording (Boscardin, M.D.,
Cording, E.J., 1989); Burland va nnk (Burland, David, & Franzius, 2006), Clarkeva nnk (Clarke,
Moradabadi, & Laefer, 2015) Ritter va nnk (Ritter, Giardina, DeJong, & Mair, 2017) v.v... O Viét Nam,
thi cong cac duong ham Metro trong khu vuc thanh phé 1a vin d& kha mai mé, tuy nhién ciing da ¢
nhiéu tac gia nghién ciru vé anh huong cua viéc thi cong cdng trinh ngam bé mit t6i 1Gn bé mat nhu B
Ngoc Anh va nnk (B3 Ngoc Anh, 2016); Nguyén Tai Tién va nnk (Nguyén Tai Tién, 5.2017) v.v.... Cac
nghién ciru ndy da dua ra dugc cac phuong phép xac dinh d6 1Gn bé mit khi thi cong cac duong him don,
d6i bang may khién dao, tuy nhién cac nghién ctru nay chwa danh gia duoc muc d6 anh huong cua lan bé
mit t&i cac cong trinh trén mat dét, cac kha nang c6 thé gay phé hoai cac cong trinh bé mat. Theo quyét
dinh 488/QD-BXDVé viéc “phé duyét tam thoi quy trinh danh gid an toan két ciu nha & va cong trinh
cdng cong” da dua ra cac phan loai tinh trang ky thuat cua két cdu, quy pham nay ciing khong dua ra
duogc cac mdi lién hé giira 10n bé mit va cac hu hai dén cong trinh. Chinh vi vay, trong bai bao nay téc gia
da chi ra cac phuong phép xac dinh ltn bé mat dong thoi chi ra quy trinh danh gia mirc d6 anh huong cua
IGn thi thi cong cong trinh ngam téi cong trinh bé mat.

2. Co st ly thuyét va phuong phap nghién ctiu
2.1. LGN bé mdt va phwong phdp xdc dinh dg 10n bé mdt.

2.1.1. Dich chuyén khei dat xung quanh cdng trinh ngam

Dich chuyén khéi dat xung quanh cong trinh ngam (CTN) do tac dong cua qua trinh thi cong la nguyén
nhan dan téi tang tai trong gay bién dang vo chéng CTN ciing nhu lin hogc tham chi 1a sut 16 bé mat gay
pha huy cac cong trinh lan can CTN. Muc d6 tac dong tang tuyen tinh v6i mirc do dich chuyén cuaa khéi
dat. Vi vay, du doan chinh xac muc d¢ dich chuyén cua khéi dét 1a co s dé dua ra cac giai phap phong
ngura su ¢6 trong qua trinh thi cong.

Dé danh gié tac dong sut 1un gay anh huong téi cac cong trinh bé mat, thong thuong chling ta chu yéu
guan tam tai dich chuyén xay ra trong thoi gian ngan sau khi dao vi ddi véi dich chuyén xay ra trong thoi
gian dai, cong trinh bé mit c6 thé tu thich nghi véi nhiing bién déi do dich chuyén dat.

Tuy thugc vao diéu kién khéi dat, giai doan dich chuyén trong thoi gian ngan sau khi dao c6 thé kéo

*Tac gid lién h¢
Email: nguyentaitien@humg.edu.vn

111



dai trong khoang thoi gian khac nhau. Theo Macklin va Field (Macklin & Field, 1999) giai doan nay dién
ra trudc va sau khi dao 24 gio. Dich chuyén nay xay ra do sy giai phong tng suat trong méi truong khoi
dat do hau qua cta qua trinh khai dao CTN.

T R7A

Guong CTN

a. Sut lin phia tricde va trén mdt girong |

b. Sut lin doc theo truc khién i rii

¢. Sut lin do khodng hé gifta vo ching va bién dao Phia trude guong dio Phia sau guong dio

d. Sut lin do uon véng vo chiéng vo ching < >

—

A S S —— — ——
Vo chéng

C T T T T 1 T T 1

Hinh 1. Co' ché sut 1Gn khi thi cong CTN Hinh 2. Buong cong lan doc truc CTN (Attewell, P.
bang may khién dao B., Yeates, J. & Selby, A. R, 1986).
2.1.2. Phirong phdp xde dinh 14n bé mat
a. Lun bé mat theo phirong vuéng géc véi truc CTN

Khién

Phuong phép kinh nghiém va phuong phép gidi tich thuong dya trén cac két qua do dac quan tric tai
hién truong trong sudt qué trinh thi cong cong trinh ngam. Theo céc tac gia Schmidt (Schmidt, 1969) va
Peck (Peck, R.B, 1969) di chi ra rang phéu IGn trén mat dat sau khi thi cong mot dudong ham cé dang
phan bé duong cong Gauss:

X2

S, =S8 2 (1)

O day: Smax — DO [Gn 16N nhét trén bé mit (tai vi tr| nam trén truc cua cong trinh ngam) X — Khoang
cach tir diém xét toi truc dwong ham; i - vi tri diém udn so véi truc dudng ham. Vi tri diém udn cé thé
duoc xac dinh theo cac cdng thic kinh nghiém sau:

Bang 1. Céac cong thirc thirc nghiém tinh todn tri so (i)

Tac gia Cong thikc tinh (i)
i HY'
Peck (Peck, R.B, 1969) — = (—j (n=0,8-1)
R 2R
O'Reilly va New (O’Reilly, M.P., New, | i=0,43H+1,1 (m)(Pt dinh (3 < H < 34m))
B.M, 1982) i = 0,28H-0,1 (m)(D4t roi (6 < H < 10m))
Atkinson va Potts (Atkinson & Porrs, i=0,25 (H+R) (dit cét)
1977) i =0,25 (1,5H+0,5R) (sét chat va sét qué cb két)
Leach (Leach, 1985) i =(0,57+0,45H) + 1,01 (m)
Mair (Mair R. , 1983) i=0,5H
Herzog (Herzog, 1985) i=0,4H +1,92

b. Lan bé mét theo phirong doc truc CTN

Song song véi viéc xac dinh kich thugc phdu lun theo phuong vudng goc véi truc CTN, can thiét phai
xac dinh vung sut lan theo phuong doc truc CTN dac biét 1a @ 1an phia trude guong dao. Theo Attewell
va Woodman (Attewell & Woodman, 1982), do 1un tai vi tri mat guong dao theo phuong doc truc c6 thé
ldy X4p xi bang 1/2 6 1Gn cudi ctng (hinh 2).

Tri s6 do 14n tai cac diém doc theo truc CTN duoc tinh theo cong thic:

S, ()0 = Sumux <1>[Tyj

2
y -2

@

Trong do: (D(Y) = ®)

i
y
y: toa do diém tinh 1an ké tir vi tri mét guong; o
iy: tri s0 dac trung kich thudc pheu 1Un theo phuongdoc truc, ¢d the lay gan dung iy = i
Do lan theo phuong doc truc la tri s6 phu thudc vao thoi gian

2.2 Tdc dgng cia dich chuyén bé mdt téi cong trinh
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Dé danh gia mirc 6 anh huong ciia dich chuyén bé mit tdi cac cong trinh xay dyung, c6 thé phan nhoém
céc cong trinh nay thanh 2 dang:

- Cong trinh khéi xdy: chi yéu 1a nhiing cong trinh ct da duoc xay dung trong thoi gian trude day.
Chung c6 dic diém cong trinh cung bién dang, dich chuyén véi khdi dat nén.

- Cong trinh bang bé tong cdt thép hodc vat liu twong duong theo kiéu ket céu khung, vom ...1a nhiing
cong trinh duge xdy dung trong nhitng ndm gan day. Do kha niang chdng ubn tét cua cac chu klen trong
cong trinh nén han ché muc do tic dong téi 6n dinh gy ra do su dich chuyén cia dat nén.

Ttr hinh 3 cho thdy, mirc d6 chiu tac dong cua cong trinh bé mit khi xdy ra lan mat dat do hau qua cua
qua trinh thi cong CTN phla dudi phu thude rat nhiéu vao mirc d6 lin déu du6i mong cong trinh hay vi tri
cua cong trinh bé mit va toc do lun xay ra: Truong hop cdng trinh bé mat nam tryc t1ep trén néc CTN,
trong két ciu cong trinh chu yéu xuat hién cac Vet nut do cét; Truong hop cong trinh bé mat nam cach xa
truc CTN, trong ket céu cong trinh chu yéu xuét hién Vet nat do uon; Truong hop cong trinh bé mit nim
gan vi tri diém udn cua pheu lan, bién dang trong két ciu cong trinh rat phtrc tap va nguy hiém;

Cong trinh ngin
cN civ T 1 T X * * *
Cong trinh dai — e AT |
Bé mit ban ddu " I Bree
== Véng len
Cong tinh dai CIN Cong o i P
— ;! — f i ;_ [
Véng xuéng, Vong xudng Viéng len =
\O/
CIN CIN
Hinh 3. Cac dang dnh huéng cua pheu lin Hinh 4. Cac tham so ddnh gid hw hai cng trinh

téi cong trinh bé mat(Attewell, 1995)
2.2.1 Panh gid mire d phé hiy cong trinh trén mat do 1Gn mar dat.

Tur nhitng nghién ciru vé anh huéng cua viéc xay dung cac cdng trinh ngam dén cac cong trinh trén bé
mit trong thyc té, cac nha nghién ciru di dwa ra nhitng kién nghi va chi dan vé do 10n cho phép. Burland
va Wroth (1974) da rat nhiéu cac tham sé vé bién dang dan dén hu hai cho cong trinh, trong d6 d6 mo khe
nit trong két ciu 1a théng sé quan trong dé danh gia mirc d6 pha huy. Theo do6, c6 thé phan loai mirc do
phé huay trong két cau theo do mé khe nut (bang 2).

Bang 2: Phan logi mitc dé pha hiy trong két cdu theo dé mé khe niit
(Burland, J.B., Broms, B., DeMello, 1977)

Ciap pha Mikc dd M0 ta Chiéu rong khe nirt Bién dang
hily (mm) kéogiim (%)
0 Pha huiy c6 thé bo qua Vi khe nut <0,1 0-0,05
1 Phé huly rat nho Niit né nhod <1 0,05-0,075
2 Pha hiy nho Nut né nho, dugc <5 0,075-0,15
xu ly
3 Pha huiy trung binh Chure nang st dung 5-15 0,15-0,3
(mdt sb khe nirt>3mm)

4 Phé huy nghiém trong Két cau 15-25 >0,3
5 Phé huy rat nghiém trong. | Két cau >25

Tuy nhién, c6 thé trich ddn mot s6 kién nghi vé gi6i han dich chuyén ciia cong trinh bé mit phia trén
khu vic CTN theo tiéu chuan Chau Au (Eric Leca, Barry New, 2007):
- Gi6i han xoay theo phuong dimg c6 thé chip nhan cua cong trinh: 0,5 dén 3,33 %o, Gidi han ti da 13 6,67 %o,
- Vi hau hét cac cong trinh, cho phép dé lGn téi da 50mm va d6 chénh léch 1un giita hai méng cot cong
trinh 20mm. Cac gid tri gisi han ndy c6 thé 16n hon néu do xoay cua cong trinh van nam trong gici han phép;
Bang 3: Gidi han nguy hiém dai véi cac cong trinh bé mat (Eric Leca, Barry New, 2007)

Cp nauv hidm Do doc trung binh cua phéu Itin Do 1Un t6i da cua cdng trinh
P nguy dudi cong trinh (%oo) (mm)
1 =92 =10
2 2<= 4 10 <<50
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Bang 4: Phan logi mizc d¢ pha hauy theo (Rankin, 1988)

Ciap Mirc do Mo ta Bién dang | P9 lin max
pha hily ] g6¢ Pmax Smax (Mm)
1 Pha hiy c6 thé bé qua | Khong xdy ra pha hoai & bén ngoai <1/500 <10
2 Pha hty nho Co phé hoai ¢ bén ngoai nhung khong c6 1/500- 10-50
pha hoai vé mit két cu. 1/200

3 Pha huy trung binh Co phé hoai ¢ bén ngoai va gay pha hoai 1/200-1/50 50-75
cac duong 6ng cling.

4 Pha huy l6n Pha hoai vé két cau cua toa nha, cac duong >1/50 >75
dng clig va céc loai duong 6ng khéc.

Bdng 5: Méi quan hé gitta Mirc dg phd hity va bién dang kéo (Boscardin, M.D., Cording, E.J., 1989)

Ciap pha Mirc do Bién dang kéo (%)
hily
1 Pha huy rat nghi€m trong va nghiém trong >0,3
2 Pha hiy trung binh 0,15-0,3
3 Pha huy nho 0,075-0,15
4 Pha huy rat nho 0,05-0,075
0 Pha hily khong dang ké 0-0,05

2.2.2. Phurong phdp danh gid anh hwong cua lGn bé mdt téi cong trinh

Phuong phap phd bién nhit dé du bao murc d6 phé hiy cua cong trinh 1a phuong phap bién dang kéo
gisi han (Limiting Tensile Strain Method - LTSM). Phuong phép nay dugc xay dung boi Burland va
Worth (1974) duya trén kha ning bién dang ti da cua vat liéu. Phuong phap ndy bao gdm cac budc nhu sau:

Budc 1. Xac dinh d§ 1Gn bé mat khi xay dung dwong ham (bé mit phing, khdng c6 cong trinh phia trén)

Pugc xé4c dinh theo cac phuong phap da duoc trinh bay ¢ phan trén. G budc nay ta can xac dinh vi tri
diém udn dé xac dinh phan 16i va phan 16m trong phéu lan. Trong thuc té, v6i do 1an nhé hon 1mm duoc
coi la khdng anh huong téi cong trinh. Chinh vi vay, phan cong trinh nam trong pham vi phéu lun c6 d6
1Gn nho hon 1mm khéng can phai xem xét (Kessel, 2012).

ﬁn:]uu 000 006 R0
000 000 000 004 0Y
000 000 000 008 0
02000005

= Amm

[=]

DD[ 1000000

000 000000 ohg/Aon
nogopog |

o

Pheéu hin

O

Hinh 5. Xdc dinh phan Gn dnh hwong téi cong trinh theo
(Mair R. , 1983)

Hinh 6. Xdc dinh phan 16i, 16m cua phéu
lin trwvong quang véi cong trinh

Budc 2. Xac dinh vi tri cong trinh trong phéu lan;

Sau khi d xac dinh dugc phéu IUn, ta s& xac dinh dwoc phan cong trinh nim & phan 16m va phan 15i
(hinh) cua phéu lan va xac dinh ty I L/H cua mdi phan. Tung phan s& dwoc phan tich riéng ré (néu do
nghiéng cua tirng phan sai khac nho hon 15% tong do nghiéng cua cong trinh). Néu d¢ nghiéng ting phan
sai khac 16n hon 15% téng d6 nghiéng, thi khi phan tich riéng r& s& anh huong téi d6 I6n cia mdmen va

lyc cat trong két ciu.
Budre 3. Xac dinh cac thong sé dich chuyén caa cong trinh;

Coi cong trinh la mot dam dan hdi, ddng nhat, dang huéng va khong trong lugng. V6i chiéu dai dam L,
chiéu cao H (Chiéu cao tir mong cua cdng trinh) va tham so cua vat liéu E/G.
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Hinh 7. M6 hinh dam vei cac tham sé xdc dinh Burland va nnk (1974) Bién dang géc; 4/L - d6 vong
twong doi trén chiéu dai cua ket cau; o — dg nghiéng

Buéc 4. Xac dinh bién dang caa cong trinh (uén, kéo);

Hinh 8. M0 hinh tinh toan theo(Burland, J.B. & Wroth, C.P., 1974)

Coi cong trinh la mot dam dan hoi, tai trong tap trung ¢ giira dam. Theo bai toan vé dam Timoshenko,
bién dang ngang duoc xac dinh nhu sau:

Ep = % (4)
Do vong cua dam duoc xac dinh nhu sau:
pd Pl
4= w1 aca ®)

Trong d6: A — P véng cua dam; L — Chiéu dai dam; G — M6 dun truot ciia dam; E — M6 dung dan hoi; | —
Momen quan tinh; A — Dién tich mt cat ngang dam; o< — Hé s6 phu thudc vao hinh dang (thuong lay 1,5).
Bién dang udn 16n nhét cua dam duoc xac dinh theo cdng thuc sau:
M Pl

(6)

EW  4ELZ

Epomax —
O day: M — Mdmen do tai trong tap trung; W- Médun chéng ubn cua dam.
Burland va nnk (1974) dua ra phuong phap xac dinh bién dang udn cua két cAu trong phén 16i va I6m ciia phéu Ian.
- Bién dang uén 16n nhét ciia dam & phan 15i:
1y |_sd5)
Epmax — (:) = O]

- Bién dang udn 16n nhét ciia ddm & phan 16m:

)
Epmax — G) . +] (8)

1 7Ly®
Bién dang xién 16n nhat:

= o —

Lol g

Vg _ E.F
"4 BEA ©)

B3 | aa

Edmax —

O day: ¥max — Bién dang cit 16n nhit; Tpax — Ung suat cit 16n nhat; Vimax - Luc cit 16n nhét.
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Buéc 5. Xac dinh téng bién dang cong trinh;

Tong bién dang cua cong trinh la tong cta bién dang ngang, bién dang udn va bién dang xién. Tong
bién dang dugc két hop theo 2 cach: Bién dang Ion nhét do udn va bién dang ngang trung binh (phuong
phap cong tac dung); Bién dang xién 16n nhat va bién dang ngang trung binh (Str dung vong tron Mohr).
Tong bién dang cong trinh dugc xac dinh 1a gié tri 16n nhat trong 2 cach xac dinh trén.

Epr = Epmax T &h

.

£ (FERYS -
fpr = 5 + I! (?] t+ fdmax”
N 2

Theo Netzel (Netzel, 2009) khi xac dinh tong bién dang cong trinh thi khng nén lay bién dang ngang
vao khu vuc phan 16i cua phéu IUn vi s& lam giam mirc d6 hu hai ciaa cdng trinh.

Budc 6. Phan loai mire d§ pha hoai ciaa cong trinh.

Tu tér]g bién dang di x4c dinh duoc tir cac budc trén, cin cir vao Bang 2 phan loai cua Burland va nnk
(1977) dé phan loai mirc d6 pha huy cua cong trinh.

3. Két qua va thao luan

Phuong phép bién dang kéo gidi han (LSTM) duoc st dung trong nhiéu nim qua va hién tai van duoc
sir dung. Tuy nhién phuong phéap nay dua trén nhitng yéu t6 gia dinh va nhiing yéu té don gian héa chinh
Vi vay s& lam cho cong tac du bao, danh gia thiét hai khdng chinh xé4c. Céc gia dinh va yéu té 1am don
gian hoéa nhu:

- Khéng c6 su twong tac giita két ciu va dat da;

- Két cu cong trinh dugc coi 1a dam dan hdi tuyén tinh trén gia d, cac biéu hién phi tuyén nhu sy phan b
lai (mg suét va do ctimg khong duoc xem xét. Biéu hién gion va nut cuc bo ciing khong dugc tinh dén;

- B& mat két cau chi thé hién vai ti 1¢ E/G khéc, trong khi d6 khong tinh dén dugc vi tri yéu noi tap
trung wng suat nguy hiém nhu goc cira ra vao, cira so;

- Phuong phap nay ap dung chu yéu vai két cau khdi xay;

- C4c tai trong khac 1én toa nha khong duoc tinh dén;

- Lan theo doc truc cdng trinh ngam khong duoc tinh dén.

4. Két luan

Phuong phép bién dang kéo gi¢i handi duoc sir dung tir 1au, tuy nhién n6 cé nhitng han ché néu trén.
Do vay, hién nay dé danh anh huong cua viéc thi cdng cong trinh ngam t6i 1Gn bé mat va tac dong cua lin
dén céng trinh trén bé mit thuong sir dung cac cong cu md hinh sé nhu Flac3D; Plaxis, Abacus ... duoc
xay dung trén phuong phép phan tir hiru han.

Céc bai toan thuong duoc phat trién theo 2 huéng chinh nhu sau:

- Cong trinh bé mat 1a khdi xay véi méng nodng: ¢ bai toan nay thuong nghién cau lGn bé mit va anh
huong cia lun dén pha hoai cac cong trinh trén bé mit.

- Cong trinh bé mat véi méng sau: & bai toan nay thuong nghién ciu anh hudng cua viéc xay dung
cong trinh ngam dén moéng coc cua cong trinh, sy thay déi ndi luc trong méng coc. Bdng thoi nghién ciu
IGn cua hé cong trinh bé mat.

Thanh phb Ha Noi va Thanh phé H6 Chi Minh 1 hai thanh phé I16n cua Viét Nam dang trién khai xay
dung hé thong tau dién ngdm. Véi dic diém thanh phd véi nhiéu cong trinh dan xen hdn hop (nha khéi
xay, nha véi méng ndng, nha cao tang véi hé thdng coc nhoi), rat can thiét phai c6 nhiing nghién ciru cu thé
dé danh gi4 anh huong cia viéc xay dung cac duong him tau dién ngam t6i cac cong trinh trén bé mat.
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ABSTRACT

Evaluating the effect of tunneling on surface structures
Nguyen Tai Tien®”, Nguyen Van Quang?
1Saint-Peterburg Mining University; 2University of Transport Technology

In Vietnam is currently in a timeframe where is started off with the planning and construction of tunnel
routes, especially in the bigger cities such as Hanoi and Hochiminh. Tunnel construction processes will
influence existing ground structures. Surface settlement is considered popular during tunnelling in
shallow depth and on soft soils. Surface settlements will damage on existing structures and tunnel
structure. In this article, authors are trying to analyze the causes, methods estimating settlement and the
effects of settlement on surface structures. They will use theoretical studies, analytic and synthetic
methods. This article shows factors which will assess the structural damage.

Keywords: Tunnelling; sufface settlement; damage; sufface structures.
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E‘RSEB- ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PARHSCENCESAD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

MG hinh tinh todn mirc do thuy hoéa céc chat két dinh thanh phan
trong ho xi mang

Nguyén Trong Diing™*
! Truong Pai hoc Mo - Dja chat

TOM TAT

Sy hinh thanh va phat trién céc tinh chét co hoc cuia bé tong ngay tir khi bat dau tron dén khi dat cuong do
sir dung phu thudc rat 16n vao qua trinh thily hoa cac chat két dinh thanh phan ciing nhu céc chat phy gia
khoang hoat tinh dwoc thém vao trong hd xi mang. Tuy nhién, danh gia mutc d6 thuy héa cua cac chat két
dinh nay trong qua trinh ninh két cua bé tong 1a cong viéc hét sirc khé khan do cac co ché phan tng héa
ly phtc tap & mirc d6 phan tir cua cac thanh phan tham gia. Trong béo céo nay, tac gia dé xuat st dung
mo hinh s6 dé xac dinh mic d6 thuy hda cua xi ming thong qua viéc phan tich co ché phan tmg va do
nhiét luong téa ra trong qua trinh thiry héa xi ming cua cac mau thyc nghieém.

Tur khéa: mé hinh; thity hoa; chat két dinh; hd xi ming

1. D3t van dé

Hién nay, trén thé gi6i ciing nhu tai Viét nam, xi mang duoc sir dung phd bién trong xay dung cha yéu
la xi mang Portland c6 thanh phan chinh Ia clinker Portland, tAc nhan tao nén tinh két dinh cia xi mang.
Xét vé ham luong cac hop chét chinh, théng qua phwong phap phan tich cua (Bogue, 1952), it nhat 2/3
khéi luong cuaa clinker phai dugc ciu thanh boi cac khoang Alit (C3S) va Belit (C,S), phan con lai chua
lwong 16n cua Aluminat Tricanxit (Cs3A) va Feroaluminat Tetracanxi (C4AF) cung mot sé khoang phu
khéc. Trén thuc té, qua trinh thily hoa xi mang chinh 1a cac phan &ng hoa tan cac hop chat trén nham tao
ra pha két dinh cha lyc C-S-H va CH (Canxi hydroxit). Trong cac nghién ctu (Taylor, 1990; Adenot,
1992; Vernet, 1994) cac tac gia di dé xuit céc ty & phan ung khéc nhau tly thudc vao ty 1& C/S trong xi
méng. Thuy héa xi méng la qua trinh tiéu thy nuéc va toa nhiét, kém theo dé la cac co ché phuc tap vé
can bang nhiét va can bang thuy luc gilra cac pha (Lacarriére, 2007). Qué trinh nay c6 y nghia quan trong
dén sy hinh thanh va phét trién cac tinh chat co hoc cua hd xi mang ngay tir khi bét dau tron dén khi dat
cuong do sir dung.

Tuy nhién viéc xay dung méi lién hé gitra toc do thiry hoa va su phat trién cac tinh chét co 1y ciia hd xi
ming 1a hét sirc kho khin do cac co ché phan wng phirc tap o cap d6 phan tir ciing nhu viéc quan sat va do
dac cac dai lugng doi hoi phai c6 phuong tién thi nghiém hién dai (Lei, 2006). Huéng dén viéc khac phuc
nhitng khé khan nay, viéc xay dung cac md hinh s6 cho phép du doan tdc d6 thuy hoa ciing nhu sy hinh
thanh cuong d6 cua hd xi mang 1a mot hudng di phu hop véi xu hudng nghién ciu chung hién nay trén
thé gioi trong d6 wu tién sir dung cac cong cu s6 dé téi wu héa viée tinh toan cling nhur tiét kiém chi phi
thuc nghiém (Avrami, 1939; Copeland et al., 1960; Gutteridge and Dalziel, 1990a; Gutteridge and
Dalziel, 1990b; Roelfstra and Salet, 1994; Humbert, 1989; Waller, 1999; Lacarriere, 2007). Trong bao
c4o nay, tac gia trinh bay vé co ché va khai niém mirc d6 thay hoa xi méang ciing nhu dé xuat sir dung md
hinh s6 cua (Lacarriére, 2007) dé xac dinh murc d6 thay héa cua xi mang théng qua viéc phan tich co ché
phan &ng cua cac chat két dinh thanh phan. Cac thong s dau vao cua mé hinh dugc xac dinh dya vao
viéc phan tich thanh phan héa hoc ciia loai xi ming sir dung ciing nhu két qua do nhiét lwgng toa ra bang
binh Langavant trong qué trinh thiry hoa xi ming ctia cdc mau thuc nghigm.

2. Mire @9 thiay hoa cia xi méing va phwong phap xac dinh mirc d§ thiy hda

2.1. Thiiy héa xi mdng va cdc phdn #ng pozzolanic

San pham chinh cua qué trinh thay hoéa clinker xi méng la cac chat két dinh tuyp C-S-H (xem Bang 1)
va mot sb san pham két dinh khac chra oxit nhom va oxit sit. Ngoai ra con 6 san pham phu CH (canxi
hydroxit), day 1a hop chat khong 6n dinh khi d6 pH trong bé tdng nho hon 12,5 va c6 thé bi hoa tan trong
nu6ce, dan téi giam do 6n dinh va do bén cua bé tong. Dé cai thién cuong do bé tong, cé thé giam bét ham

*Tac gid lién h¢
Email: nguyentrongdung@humg.edu.vn

119



lwong CH bing céch tron thém cac phu gia khoang hoat tinh nhu tro bay, mudi silic, xi 16 cao, ... Cac phu
gia khoang nay déu co tinh pozzolanic - tinh chat cia cac hop chat chira oxit silic ¢ thé phan wng véi
canxi hydroxit- va s& phan (ng véi CH dé tao ra céc chat két dinh 6n dinh, qua d6 cai thién cuong do va
d6 bén cua bé tong. Cac phan tmg nay duoc goi chung la cac phan ung pozzolanic (xem Bang 1). Luu ¥
rang trong cac phuong trinh phan wng cua CsA va C4AF ¢6 sy xuat hién cua hop chat CSH, hay con goi

Ia thach anh. Py 1 hop chit thuong dugc thém vao trong thanh phan xi miang nhiam ting mirc d6 hinh
thanh C-S-H va giam ham lwgng CH dugc tao thanh, qua d6 tang cuong d6 cho bé tong.
Bang 1. Phuong trinh phan g thiy héa cac hop chat trong clinker xi mang va cac phan iing pozzolanic

Phan 1kng thiy héa clinker xi méng Phan ¥ng pozzolanic
C,S+(L3+y)H —»C;SH, +13CH +Q, S+XCH+yH »C,SH,,,
C,5+(0,3+y)H —C,,SH, +0,3CH +Q, A+3CH +3H — C,AH,

C,A+CSH, +xH _>(c4A§H12,c6A§3H32,c:3AH6)+Q3 A+S+2CH +6H —C,ASH,

C,AF +CSH, +xH —(AFm, AFt,C{A F}H)+Q | A+xS+3CH+(y-3)H >C,AS,H,

2.2. Mire dé thity héa xi mang — khai nigm va phwong phdp xdc dinh

Mic do thity hoa xi méng tai thoi diém t duge xac dinh bang ty sb giira khdi lugng xi ming d hoa tan
hoan toan va téng khdi lwong xi ming khan ban dau (t=0) :
O!(t) — mch (t) =1— mcan (t) (1)
mcan (t = 0) mcan (t = 0)
Trong d6: Mex(t) - khdi lugng xi ming di hoa tan tai thoi diém t
Mean(t) - khdi lugng xi ming khan con lai tai thoi diém t
Mirc d¢ thuy héa c6 thé duoc xac dinh thong qua phuong phap phan tich hinh anh MEB (Lei 2006,
Lacarriére, 2007) nham tryc tiép xac dinh ham lwong chit khan con lai. Ngoai ra cé thé sir dung mot s6
phuong phap gian tiép nhu do nhiét luong toéa ra trong qué trinh thay héa, do ham luong nudée lién két ...
dé xac dinh a(t). V6i phuong phéap do nhiét téa ra, mic do thiy hoa duoc x4c dinh béi phuong trinh:
a(t) = QM) )
Qmax

Trong d6: Q(t) 1a nhiét lugng toa ra tai thoi diém t
Qnmax la nhiét lwgng toa ra khi thay hoa hoan toan

2.3. Co s ly thuyét va md hinh tinh toan mikc d@ thity hoa bang phwong phdp do nhigt lwong téa ra

Trong diéu kién noi sinh, qua trinh thiy hoa cac chét két dinh trong xi ming ciing nhu cac phu gia
khoéang hoat tinh 1a mot qua trinh tiéu thu nudc va téa nhiét, kém theo do 1a cac co ché can bang nhiét va
can bang thay lyc gitra cc pha. Su thay déi luong nuéc va nhiét do bén trong khdi bé tdng khi thiry héa
s& lam thay déi qué trinh thuy hoa dong hoc cua cac pha thanh phan (hoat dong thuy hoc va hoat dong
nhiét hoc). Nhu vay, mé hinh qua trinh thuy héa duoc xay dung dua trén cac phuong trinh mo ta sy phat
trién cua muc do thuy hoa, ham luong nudc, va nhiét do. Theo arriére, 2007) phuong trinh mé ta quy
luat phét trién ciia mirc d6 thuy hoa duge dé xuit dudi dang ham sb cua cac hé sé anh hudng nhu sau:

&= A-c (o W).IT, (1 ) 0y (T).g, ®)
Trong d6: Ai - hé sé diéu chinh ciia mé hinh dwogc xac dinh tir thuc nghiém; ci(ou,W) - hé sé hoat dong
hoa hoc; hi(T) - hé s6 hoat dong nhiét hoc; gi - hé s6 higu tng cua phan ng pozzolanic; ITi(rmi) - hé s6
hoa tan (biéu dién kha ning nuéc c6 thé tiép xdc vai cac hat khan)
Luu ¥ rang phuong trinh (3) dwoc viét dudi dang tdng quat cho ting pha chit khan riéng biét. Trong
truong hop chi cé clinker thi i=1, néu c6 thém phu gia khoang thém vao thi twong @ng vai ting pha khan
cho thém i=2...n. Céc hé sb trong phuong trinh (3) duoc xac dinh nhu sau

e H¢ sé hoat dgpng hoa hoc:

VAn diss; a (mAni /pAni )

o= = (4)
w w

Trong d6: Vi - thé tich nu6c ban ddu; mani - khdi lugng ban du cua pha khan thir “i”; pan i - khdi

lwong thé tich cua pha khan thir “i””; Vandiss i - thé tich cua pha khan thi “i”
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e H¢ s6 hoa tan:
I, =exp(B; - 1" ) ®)
Trong dé: Biva n; - hé sé cua mo hinh x4c dinh tir thuc nghi¢m; rmi - ham s6 hoa tan (hay con goi la

ban kinh hoa tan) dugc xac dinh bai ndng 6 nudce, do rong va ndng do cua cac chat 1a san pham cia qué
trinh hoa tan:

- _CPhydrI (1/(I)P)

Moi = (6)
CP anh; 'WP
Trong d6: Wp — ndng d6 nudc trong hd xi mang; ®p — d6 rong cua hd xi mang:
q)P =:I'_Z(CPhydri +CPanhi) (7)
1

Vi Cenyari Va Crann i NOng d6 thé tich cua céc chat 1a san pham cua qua trinh hoa tan pha khan thi i
va nong do thé tich cua cac chat khan thi “i:

I'T]Ai/,DAi (mAni/pAni)
Cphydn = Ri G M CP hydr, — Ri " V— ®)
VpaSte ini paste ini
Trong do: Ri — Ty I¢ thé tich giita c4c chit hoa tan da tao ra va cac chat khan thir “i”; Vpaste — thé tich
ban dau cua hd xi mang (nudc + cac chat khan)
e H¢ s6 hoat dgng nhiét hoc:
E,
h, = exp ©)
RT

Trong d6: Eai — Ning lugng hoat dong cua pha khan thi “i”; R — Hang s6 khi 1y twong (8,314 J/mol.K)
e H¢ s6 higu rng caa phan ng pozzolanic:
gi = Cpcn  Néu pha khan l1a cac phu gia khoang (Cp cv 1a nong d6 canxi hydroxit cua hd xi
mang)
gi=1 néupha khan la clinker xi ming
Trong hinh v& duéi déy, trinh bay so d6 t6 hop tinh toan cac hé sé ciing nhu téc do thuy hoa o, cua
mAi pha khan (Hinh 1). Luu Iy ring tit ca céc tham s6 dau vao trong m6 hinh (trr ham lugng nuéc) déu
dugc hiéu 1a cho tirng pha khan riéng biét thi i

I
: | Ham hrong nurdc ! : Nude -:—'-I Hé s6 hoat ddng héa hoc r_

| Ham hrong chét khan

1
Luwong chit khan con lai |+
]
1

|
1
] 1
b I
]
]
1

Lwrgng chit hoa tan tao ra

| Ty trong chét khan

Ty 1é thé tich hoa tan/

. Hé s6 hoa tan
chat khan : R; £ I_

H¢ sb hoat dong

nhiét hoc |

HE s6 diéu chinh B; n, |

1
1
]
1
| 1
T
]
]
1

Ning luong hoat hoa
cua chat khan E_;

[
[

I

1

1

1

1

[

[

|

1

P I
Do rong tao ra |
1

1

1

[

[

[

|

1

[

1

1

1

1

Lugng CH duge tao ra

- K -a -
hofic tiéu thu boi cae  H—t—] Canxi Hydroxit (CH) fr—t— Hg;:};;f:ﬂ:“g -

chat khan

Hé s6 diéu chinh A, I

Anh hwéng déng luc

Nong dp thé tich
dén qu4 trinh thiy héa

trong ho xi ming

Tham so dau vao

Hinh 1. Sodo mé hinh tinh toan téc dé thiy hoa tir cac tham sé dau vao
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Cac budc tong quat nham xac dinh cac tham s dau vao caa md hinh trén (8 tham sé) dwoc gidi thigu
trong Hinh 2. Trong so dd nay, viéc xac dinh cac hé sb A;, Bi, ni dugc thuc hién théng qua thi nghiém
Langavant (Lacarriére, 2007), trong khi viéc xac dinh cac tham sb khac dwoc gidi thiéu chi tiét trong
(Nguyén Trong Diing, 2008).

Ham lwgng nude

—{ Co dinh boi l.":'l]) phﬁi cia miu tron I

Ham lwgng chat khan

I'y trong chat khan

Clinker Phu gia khoing

Ty I¢ thé tich hoa tan/ chit
khan R, Tinh todn theo phén tich Tinh todn hodic
thanh phan héa hoc ciia tham khio tai
Luwgng CH duge tao ra hoiic Bogue (C,S,C,S, C A, liéu

tiéu thu bai cac chat khan C,AF) ' B ’

Ning luong hoat héa cia chat
khan E_;

| Hé sb diéu chinh A, B, m, [———— 1 Diéu chinh bing thi nghi¢m Langavant |

Hinh 2. So do xdc dinh cac tham sé dau vao (Nguyen Trong Diing, 2008)

2.4. Thi nghi¢m Langavant va cdch xdc dinh cac hé sé diéu chinh ciza mé hinh

Phép do nhiét lugng (calorimetry) 1a mot phuong phap twong ddi don gian, d& thyuc hién va la cong cu
déc lyc trong viéc nghién ciu qué trinh thiy hoa ngay tir nhitng gio dau tién sau khi tron mau (0-72h).
Dua trén cac nguyén ly nhiét dong hoc, viéc do nhiét luong toa ra duoc thyc hién theo 1 trong 2 diéu kién
sau: diéu kién doan nhiét (adiabatic) hodc dang nhiét (isothermal). Phuong phap giéi thiéu trong bai béo
nay la mot phuong phap két hop - phuong phap ban doan nhiét (semi adiabatic) hay con dwoc goi la
phuong phdp Langavant (Lacarriere, 2007). Mau tron véi cap phdi dugc di biét dwoc dua vao hop
Langavant (Hinh 3) ngay sau khi tron, su bién d6i nhiét do trong binh s& dugc ghi nhan ty dong nho vao
mot thiét bi ndi truc tiép véi may tinh va théng qua tinh toan cho ta xac dinh dugc luong nhiét toa ra theo
thoi gian cia mau. Tly theo loai xi ming, nhin chung, nhiét lugng toa ra la tir khoang 200 — 500 (J)/ 1g xi
ming. Phan Ién lugng nhiét ndy s& duoc tao ra trong nhirng gio dau tién, sau d6 giam dan nhung van duy
tri trong thoi gian dai dén khi két thic qua trinh thay hoa.

~ Gioang
~ Nt day
Binh Dewar

Mau trén

Vo

@) ealovimetre &) scheme

Hinh 3. Cdu tgo hép Langavant (Lacarriére, 2007)

Nguyén ly tinh todn nhiét luvgng téa ra Q la nguyén Iy dp dung cho hé doan nhiét:
Q =Q, +Qq (10)
Trong d6 : Qg - Nhiét that thoat trong qua trinh do do doan nhiét khong hoan toan (xac dinh theo théng
s6 ky thuat kém theo cua may do); Qa - Nhiét téa ra ma may do duoc, Q.=Cp.AT V6i Cp la nhiét dung cua
hé va AT la chénh léch gitra nhiét d ban dau va nhiét 6 & thoi diém do.
Nhiét dung cua hé Cp dugc xac dinh bai cdng thac sau:
Cp =Cp,, +Cs., (11)
Trong d6: Cpm 1a nhiét dung cua may do, dugc xéc dinh boi thong sé ky thuat kém theo ciia may; Cee la
nhiét dung ciia mau, xac dinh béi cong thuc sau:
CPechxi'Mxi+CPn'Mn+CPp'Mp (12)
V6i: Cryi , Crn , Crp lan luot 12 nhiét dung riéng cua xi ming, nuéc, phu gia cho thém trong njéu. Trong
bao céo nay Cpyi=0,75(J/g°C), Cpp=0,7(J/g°C) va Cpn=3,76(J/g°C); Mxi, Mn, M, lan luot Ia khoi lugng xi
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ming, nudc, phu gia ¢6 trong mau (theo cip phéi).

Dua trén két qua do va tinh toan nhu trén, chung ta c6 thé xac dinh nhiét luong toa ra theo thoi gian cua
mau, va qua d6 xac dinh duoc mic do thuy hda tai tirng thoi diém théng qua biéu thirc (2).

Céc hé s6 diéu chinh ciia mé hinh A;, Bi va n; duoc xac dinh bang xap xi ham trong Excel theo phuong
phap binh phuong tdi thiéu. Chon céc gié tri bat ky cho Aj, Bi va nj va st dung cac cong thic tinh toan
theo diing trinh ty nhu trong muyc 2.3 dé x4c dinh dwoc toc do thiy hoa o twong Gng. Biét nhiét lugng toa
ra sau khi thuy hoéa hoan toan Qmax (do bang may), ta dung biéu thirc (2) dé xac dinh biéu d Q(t) theo
thoi gian. So sanh hai duong biéu dlen nhiét luong tda ra (tinh todn theo mé hinh va do tr thi nghiém
Langavant) va sir dung phuong phap xap xi ham dé tinh Aj, B; va n; sao cho sy sai khac gitra 2 duong biéu
dién 1a nho nhat (Hinh 3). Khi sai s6 nam trong giéi han cho phép, gia tri A, Bi, n; nhan dugc chinh la cac
hé sb diéu chinh ciia md hinh (Chi tiét xem trong (Nguyén Trong Diing, 2008)).

|

@ (Jig)
450 + Langavant
400 — Modéle
50 '.._:___‘__;__'__'_-!—--ﬁ— ¥ %+ % *
N f,,y—
ol £
200 f
150
100

50

Temps (h)
o
0 10 20 0 4l 50 60 70 80 S0 100

Hinh 3. Nhiét lirong toa ra theo thoi gian sau khi diéu chinh cac hé sé [12]
3. Két qua va thao luan
Trong béo c&o nay, tac gia nghién ciru mirc d6 thuy hda cia mau hd xi ming dwoc ché tao tir xi ming
CEM | - 52,5R (Phép) Vi ty 1& nudce/xi miang dugc chon 1a E/C=0,5. Thanh phan héa hoc cua loai xi
ming nay duoc cho trong Bang 2 va ty 1é phan trim cac hop chat theo phan tich cia Bogue (%) lan luot
la C3S =60,75; C,S=12,17; C3A=10,04 va C4,AF=6,87.
Bang 2. Thanh phan héa hoc ciia xi mdang CEM I
Cao SiOz A|203 Fezos 503
64,66 20,20 5,23 2,26 3,69

Céc thong sb ciia mé hinh dugc xac dinh theo (Lacariere 2007) nhu sau: Qu™ = 453,9 (J/g); Ea/R=
5669 (K); Qu" =0,33(g/g); Qcn =0,27 (g/g); R(M3/m3)=1,85 va p=3,153 (g/cm®). Dya trén két qua do
nhiét toa ra bang binh Langavant (xem Hinh 4a), sir dung phuwong phép x4p xi ham binh phuong tdi thiéu
ta xac dinh dwoc cac hé s6 diéu chinh caa mé hinh A(1/h)=1,88.10°% B=3,147 va n=0,246. Sy phét trién
muc d6 thuy hoa theo tinh toan duoc biéu dién trong Hinh 4b. C6 thé thiy téc do thity hoa dién ra manh
mé trong nhitng gio dau tién sau khi tron va didn ra cham hon khi mau dat do tudi 14 ngay. Sau d6 qua
trinh dién ra cham cho dén khi gan nhu khong d6i & tudi 28 ngay. Muc do thiy héa tdi da dat gan 95%.
Két qua cho thiy m6 hinh sé da mé phong kha tét mirc d6 thay héa dién ra thyc té trong mau hd xi mang

thi nghiém.
Qg 1.00
04— — — — - 0.90 s RABOO——""
0.80 -—,’3‘
- —— —— — = 0.70 Jrz
200 - ®»  Ximing (Langavant) — 060
0.50
S0l & ___ _ _ _ Ximang (M6 hinh) 0.40 —&=— Alpha Xi méng
0.30
100 1 T 0.20
045 - ] 0.10
o Théi gian (h) 0.00 < T T T T 1 (ngay)
[ T T T T - T 0 10 20 30 40 50 60 70
0 20 40 60 80 100 120
(a) So sanh nhiét lugng toa ra gitra md hinh sau khi | (b) Su phat trién cua mic do thiy hoa theo thoi
da hiéu chinh va két qua thi nghiém Langavant gian ctia mau ho xi mang

Hinh 4. Mitc dé thity hda cua mau ho xi mang CEM I véi ty |é nude/xi mang = 0,5.
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4. Két luan

Trong bao céo, tAc gia da giGi thiéu tong quan vé co ché thity héa clinker xi mang ciing nhu cac phu
gia khoang hoat tinh tron thém. Mirc d6 thay hda cac chat két dinh thanh phan trong ho xi mang duoc xac
dinh nho mot mo hinh sé xay dung dua trén viéc phan tich co ché phan tng va tinh toan cac tac nhan anh
hudng nhu hé sé hoat dong hoa hoc, thity hoc va nhiét hoc. Cac hé sé diéu chinh ciia mé hinh duoc xac
dinh nho phuong phap do nhiét lugng toa ra trong qua trinh thily hda bang thi nghiém Langavant. Két qua
tinh toan duya trén do dac thuc nghiém véi mau hd xi mang ché tao tir xi mang CEM I — 52,5R cho thay
mo hinh ¢ mé phong khé tét mie do thuy hoa dién ra trong thyc té.
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ABSTRACT

Modeling of hydration degree of adhesive compositions
In cement paste

Nguyen Trong Dung?
! Hanoi University of Mining and Geology

The evolution of the mechanical properties of concrete from the early depends strongly on the hydation
process of the adhesive compositions as well as the admixtured mineral in cement paste. However, the
estimation of hydration degree of these adhesive compositions during the hardening process of cement
paste is difficult due to the complex physico-chemical mechanism at the molecular level. In this report,
the author introduce a numerical model which allow to determine the hydration degree of the adhesive
compositions in cement paste by analyzing the reaction mechanism and measuring heat generated during
the hydration process of experimental specimen.

Keywords: modeling; hydration; binder components; cement paste.
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JARIHSCENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién ciru anh huong cia hé s6 qua ¢ két OCR dén su hda long tinh
cua cat Fontainebleau
bing Quang Huy2", Reiffsteck Philippe?,

LIFSTTAR, Cité Descartes - 14-20 boqlevard Newton, 77447 Champg-sur-l\{larne, Marne-la-Vallée,
2 Truong Dai hoc Mo-Dja chat, so 18 pho Vién, phuong Puc Thang, Bac Tur Liém, Ha Ngi.

TOM TAT

Bai béo gigi thiéu két qua cia mot chudi thi nghiém nén ba truc nghién ctu vé sy anh huong caa hé s6
qué c6 két OCR dén hoat dong hoa long tinh cua cét Fontainebleau. Két qua thi nghiém cho thay, & trang
thai ¢ két thong thuong (OCR=1) cét bi hoa Iong hoan toan nhung khi tang hé s6 OCR lén thi cuong do
chéng héa long Cua cat cling tang Ién, cat chuyén tur trang thai hoa Iong hoan toan sang hoa long tam thoi.
Mt khéc, khi hé sé qué c6 két OCR cang 16n, gia tri diém cuc tri ciia do léch Gmg suét ciing ting 1én, tuy
nhién, dén mot gia tri OCR nhét dinh (OCR=5) thi d6 bién thién gié tri diém cuc tri nay giam di, gia tri
diém cuc tri do léch tng suat gan nhu khong thay doi.

Tir khoa: Cat Fontainbleau, héa long tinh, hoa long tam thoi, hé s6 qua cb két, tng suat dinh,

Pit van dé

Hoa long dat 1a hién twong dat mat kha niang chiu lyc va chuyén tir trang théi ran sang chay nhu mot
chat long da duoc dé cap dén tir nhitng nam dau thé ky 20 (Hazen, 1920), tir d6 dén nay, sy tan pha cua
hién tuong nay da dugc ghi nhan trong nhiéu tran dong dat va ciing dugc nhidu nha nghién ctu quan tam.
Tuy nhién, chi sau khi tran dong dat & Niigata, Nhat Ban xay ra nam 1964 pha hiiy mot phan Ion thanh
phd do dat bi hoa long thi né mai duoc nghién ciru mot cach ¢ hé théng. Hoa long dat thudng duoc chia
lam hai loai 1a hoa long dong hozdc hda long tudn hoan (cyclic liquefaction) hoiac héa long tinh (static
liquefaction). Hién twong héa long thudng duoc quan sat sau nhirng tran dong dit vai nhitng chin dong
dién ra lién tuc theo chu ky nén héa léng tuan hoan gan nhu dugc wu tién nghién ctru hon. Nhitng nghién
ctru vé hoa long tinh con han ché cho du cang ngay ngudi ta nhan thay rang hoa long tinh ciing gy ra
nhirng hau qua nang né khong kém. Mot s6 nghién cau quan trong vé héa long tinh da dwoc thuc hién
trong thoi gian gan day, (Castro, 1969), (Casagrande, 1979), (Vaid, Y.P., and Chern, J.C., 1985),
(Sladen, 1985), (Lade, 1992), (Ishihara, 1993), song anh huéng cua hé sé qué c6 két OCR dén su hoa
long tinh ctia cat van chua dugc nhiéu tac gia quan tam.

Hé s6 qué c6 két OCR la mot hé sb ty 1¢ giita tng suat t6i da ma nén dét da chiu trong qua khir va ang
suit ma nén dat dang chiu & hién tai. Mot 6 tac gia da nghién ctru sy anh huong ciaa OCR (Ishihara, K.,
and Takatsu, H, 1979), (Manmatharajan, 2011), (Nagase, 2004), (Shahsavari, M. and Sivathayalan, S.,
2014), tuy nhién nhirng nghién ciru nay duoc tién hanh bang cac thi nghiém nén ba tryc tuan hoan, ¢ thé
do hién twong héa long dat thuong dwoc quan sét thdy |a hé qua cua céc tran dong dat véi chan dong dién
ra lién tuc, tuan hoan. Anh huong caa hé sé nay dén hoa long tinh gan nhu bi bo qua. Céc nghién ciru trén
hau nhu déu théng nhat rang tang gia tri OCR s& lam ting strc khang hoa long tuan hoan cua cat.

Trong bai béo nay, tac gia s& gioi thiéu két qua cua mot chudi thi nghiém nén ba truc don véi cat
Fontainebleau dé nghién ciru sy anh huong ciia hé sb nay dén sy héa long tinh cia cét.

Vit li¢u, thiét bi va phwong phap thi nghiém
Vit liéu cat Fontainebleau

Vit liéu dugc st dung trong chudi thi nghiém nay la cat Fontainebleau, mot loai cat duoc ding dé
nghién ciru phé bién trong cac phong thi nghiém & Phap. Pay 1a mot loai cat hat nho, min, dong déu va
hat tron khdng sic canh d& c6 kha nang hoa long hon so véi mot loai cat khac ciing dwoc st dung phd
bién & Phép la cat Hostun (Benahmed N., 2001). Kich thuéc hat nim trong khoang 80um t6i 400 pm, c&
hat trung binh (dso) va hé s6 ddng nhat Cu cua cat Fontainbleau lan luot 1 210 um va 1,52. Biéu d6 phan
b thanh phan hat cua cat Fontainebleau dugc thuc hién theo tiéu chuan NF P 94-056 cua Phap véi két
qua thé hién trong hinh v&.

*Tac gia lién h¢
Email: quang-huy.dang@ifsttar.fr.
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Hinh 1. Biéu d6 phan bé thanh phdan c& hat ciia cat Fontainebleau

Thiét bi thi nghiém

Thiét bi nén ba truc sir dung 12 mot hé théng thiét bi nén ba truc dang Bishop va Wesly bao gom cac bo
phan chinh 12 mot budng nén bang nhya trong sudt ¢é thé chiu duoc &p suat 1,5Mpa, dat trén mot bé kim
loai v6i dé dat mau duong kinh 50mm nam ¢ tim. D& dat mau nay c6 16 nhé ¢ gitra dé nude c6 thé truyén
vao mau thi nghiém tir bén dudi, dong thoi né dwgc dit trén piston thay luc cd thé di chuyén trong quéa
trinh thi nghiém. Bén trén mau thi nghiém dwoc gan kin bang nip nhya hinh try dwong kinh bang duong
kinh mau c6 156 nho thdng véi 6ng nhoé chiu duoc ap lue dé nudc cd thé truyén vao mau tir bén trén. Bén
dudi nap cua 1ong nén c6 gan mot piston khac diéu khién tay bang cach van ren. Pau cua piston nay cé
dang khi cau nho hoac khéi tru vat tlly theo muc dich thi nghiém, khi di chuyén, du piston sé tiép xdc
v6i nap nhya hinh try dat trén mau thi nghiém va cb dinh cho mau trong qua trinh thi nghiém. Mat khac,
trong piston c6 dat ten-xo dé do luc tac dong 1én mau. Ap luc budng, &p luc nudc 15 rdng va piston thuy
lyc duge diéu khién bai ba may nén thay lec GDS.

Phin tram khoi Iwrong hat qua sang

] B—————— Truc vinren dé cé dinh mau
l 2N\ LIS NN 17 Nip budng nén

| Khéi tru vat

Thanh budng nén

Mau thi nghi¢m

Ap lyc budng nén
Mang kin

Budng diy piston thiy luc

Thanh ngang dé do dich chuyén P
Ong thoat nugc va truyén |
ap luc nude 16 rong

Ong truyén ap lyc
B¢ do
Budng dp luc diy piston

Hinh 2. Thiét bj nén ba truc dang Bishop va Wesly
Phwong phdp thi nghiém

Mau thi nghiém hinh try duong kinh 50mm, cao 100mm dugc ché tao boi phuong phap dam am.
Phuong phép nay tao ra mau thi nghiém khong dong nhat so véi phuong phuong phép ling dong cét
trong nudc hogc phuwong phap rot cat kho (Ishihara, 1993) (Vaid, 1999) tuy nhién né c6 wu diém 1a tao ra
dugc mau thi nghiém vai do chat ban diu da dang, tir nhitng mau thi nghiém réat xp dén rat dic, tham chi
c6 thé tao ra nhitng mau thi nghiém véi d6 chat twong déi (ID) 4m. Nhuoc diém khong ddng nhét co thé
dugc khic phuc phan nao bai ki thuat tién hanh thi nghiém va chia nhiéu 16p khi dam. V&i chudi thi
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nghiém nay, trugc khi thi nghiém ta tinh toan lugng cat can thiét dé ché tao dugc mau véi do rong mong
mudn, sau d6 cat Fontainebleau duoc tron déu voi nu6c ¢ ti 1€ 5% khéi lugng, hon hop dugc chia thanh 5
phan bang nhau va lan luot rét vao trong khuén roi san déu ra thanh ting 16p, & moi l6p ta ding dam
bang nhya duong kinh 3,5cm dé dam nhe dén khi Iop dat duge do day 1a 2 cm. Do day nay c6 thé thay
ddi tay theo kinh nghiém ciia nguoi lam thi nghiém ciing nhu khéi lugng ¢dam nhung theo nhu tic gia
nhan thay, 2cm 1a d6 day hop 1y dé thu dugc mau cé do dong nhét cao va ciing c6 nhiéu nha nghién ctu
lya chon bé day nay khi ché tao mau(Benahmed N., 2001). Sau khi tao mau xong, ta thao khuén, gin kin
Iong 1én bé may, ¢ dinh miu va d6 day nudc vao trong Iong. Trong qué trinh nay, dé tranh cho mau bi
bién dang, ta c6 the dung bom hiit chan khong tao &p suat khoang -20kPa trong mau. Khi 1ong day nudc,
mot ap suat khoang 20kPa dugc thiét lap trong long (thong qua piston Cell pressure) dé ¢ dinh mau, lic
iy bom hit chan khong duoc 9o ra va thay vao d6 1a éng truyén khi CO, di qua mau. Khi CO; di tir bén
dudi mau 1én bén trén roi thoat ra ngoai trong vong 30 pht s& dudi toan by khdng khi trong mau va thay
thé bang CO,, khi nay tan tét trong nudc nén dam bao cho miu s& dugc béo hoa hoan toan. Két thic qua
trinh nay, nuéc tinh khiét s& dugc truyén qua mau tuong ty nhur CO; trong vong 30 phit dé thay thé toan
bo khi trong mau. Cé thé cd mot lwong nho khi CO; con s6t lai trong mau thi s& tan hoan toan vao trong
nude dudi mot ap suat thich hop, dam bao cho mau thi nghiém bdo hoa hoan toan. Két thac budc nay, cac
day dan ¢ 2 dau mau thi nghiém s& dugc két ndi vai piston Back pressure dé diéu khién va do ap luc nudc
15 rdng trong mau. Ké tir day, cac budc tiép theo s& dugc tién hanh thong qua phan mém diéu khién GDS
trong may tinh. Qué trinh b&o hoa, c6 két mau, tao mau qua cb két duoc tién hanh theo nhu hudng dan
trong tiéu chuan caa Phap NF P 94-074 thong qua 6 budc co ban:

1. Bdo hoa mau (satuaration): Trong qué trinh bdo hoa mau, ta dit vao budng nén mot &p suét bang
téng 2/3 &p suat hiru hiéu khi co két cong vai &p suit 16 rdng trong mau véi khoang thoi gian hop 1y. Dé
dam bao khi c6 thé tan hoan toan vao trong nudc, &p luc nudc 13 rong thuong lay nho nhat 1a 200kPa, dat
cang cang thi &p lyc nude 15 rdng ndy cang cao. Trong chudi thi nghiém nay tién hanh véi mau cat xop,
va do gidi han cuia 16ng nén nén chon ap luc nudc 16 rong nay la 150kPa.

2. Kiém tra d6 bdo hoa (B check): Chi sé B duoc tinh bai ty s6 do bién thién &p luc nudc 15 réng véi
do bién thién &p luc trong buong nén 3 truc. D¢ tim duoc hé s6 nay ta khéa dng thoat nudc trong mau
ddng thoi tang ap luc buong I1én Mot luong nhat dinh (trong chudi thi nghiém nay la tang thém 50kPa) va
theo doi ghi lai su thay dol cua ap luc nuoc 16 rdng. Két qua cho thay trong tat ca cac thi nghiém, hé sé B
déu Ién hon 0,95, cac mau coi nhu d3 bdo hoa.

3. CH két mau (Consolidation): Tay thudc vao hé sé quéa cb két, ap luc budng duoc ting 1én dén gioi
han can thiét va doi dén khi mau cb két hoan toan.

Do muc dich cua thi nghiém I nghién ciru sy anh huéng caa hé s6 qua cd két OCR dén sy héa long
nén truéc hét phai tao ra mau ¢ trang thai qua cd két bang cach nén déng hudng mau ¢ &p suat hiru hiéu
can thiét, sau d6 dwa mau vé trang thai nén thong thuong & (ng suat hiru hiéu truge khi tién hanh thi
nghiém cét khong thoat nuéc. Ung suat hitu hiéu théng thudng duoc chon ¢ day 1a 100kPa do do sau tang
dat hay bi hda long Ia tir 0-20m. Ba budc tiép theo gan nhu 1ap lai ba budc trén nhung véi Gtng suat hitu
hiéu trong qué trinh cb két 12 100kPa

4. B&o hoa mau

5. Kiém tra d6 b&o hoa

6. C6 két mau

Qua trinh cit mau hay nén mau duoc tién hanh dudi dang thi nghiém nén ba truc c6 dién véi vén toc
nén doc truc 1a Imm/phut. Trudc khi qua trinh nén mau bét dau, phai dam bao ring piston trén np 16ng
nén da tiép xdc véi mau bai trong qua trinh bao hoa, cb két kich thude cua mau da bi thay déi va khong
con tiép xdc véi nip 16ng nita. Bing cach quan sat va do lai kich thuée di chuyén cua piston dén khi mau
tiép xUc vai nip, ta cé thé biét dugc gié tri d6 bién thién thé tich cua mau khi c¢b két. Tuy nhién, thic té
cho thay, mau hau khong thay déi kich thudc khi cb két.

Sau khi két thac thi nghiém, toan bo miu duoc dé can than vao trong mot bét kim loai dé xac dinh d6
am ciia mau sau khi thi nghiém. Vi miu da bio hoa hoan toan, tir 46 am do ta c6 thé xac dinh dugc do
réng cua mau sau khi c6 két.

Két qua thi nghi¢m

Chudi thi nghiém gom 5 thi nghiém trén mau cét Fontainebleau ¢ cling mot diéu kién ban dau véi do
chat twong d6i (ID) 1a0,2,do rong ban dau 0,83 duoc Cit tai wng suat hitu hiéu 100 kPa sau khi da qua cd
két cac mau véi hé s6 qua cb két lan luot 12 1, 2, 5, 8. Két qua thi nghiém duoc tém tét tai bang 1 va thé
hién chi tiét trong hinh 3.

Ta c6 thé nhan thiy wng xir ciia cac mau & cac mirc do qué cb két 1a rat khac nhau. Trong thi nghiém
thir nhit ¢ trang thai c6 két thong thudng, mau da bi héa long tinh hoan toan khi ap luc nudc 15 rdng trong
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mau tang nhanh dén wng suat hiru hiéu ban dau ddng nghia véi viéc tng suat hiru hiéu khi d6 bang 0, cac
hat cat coi nhu khong tiép x(c véi nhau va miu khi d6 ang xir hoan toan nhu mét chét long. Nhin qua
biéu d5 q — &1 ta thiy do léch ¢mg suét ting nhanh va dat dinh 32,80 kPa khi mau bj bién dang 0,56% sau
d6 giam dan va gan nhu bang 0 khi mau bi bién dang tir 4%. Vi mau thir hai khi OCR=2, két qua tuong
tu nhu mau 1 khi cat bi hoa long hoan toan nhung voi tng suat dinh cao hon, déng thoi wng suat du cudi
cung ciing 16n hon khoang bang 20 kPa. V&i hai thi nghiém cudi cung khi ty sé qua cé két cao hon, ung
xtr cia mau c6 su khac biét rd rét khi do léch tng suat tang nhanh t6i dinh, sau d6 giam xuéng dén mot
gia tri nao do6 ri lai tang. Trang théi nay twong tng véi véi hién tuong hda long tam thoi khi ung suat du
trong mau tai mot thoi diém nao d6 rat nho. Co thé nhan thay ro rang rang khi mau cang quéa cé két thi
ung Suat du nho nhat d6 cang lon dong nghia véi viéc mau cang bén viing hon véi héa long. Tuy nhién,
g suat dinh cua mau OCR=8 ¢0 l6n hon so véi mau OCR=5 nhung su khac biét 1a khong dang ké.
Dudng nhu mau cang qua cé ket thi ung suit dinh cang l6n nhung do bién thién cang ngay cang giam.
Mt khéc, ta cling nhan thiy rang bién dang doc truc tai (mg suat dinh ciing ting 1én khi d6 qua cd két
tang 1én.

Trong chudi thi nghiém nay, hé s OCR=2 duoc thuc hién 2 lan, tuy nhién trong lan thuc hién lai, c6
thé do sai sot khi dam nén mau nén do rdng sau khi ¢ két 1a qua nho, két qua cua thi nghiém nay khong
chinh xé&c bang thi nghiém trudc do.

Bang 1. Két qua thi nghiém trén mdu cét Fontainebleau ¢ cac hé sé co két khac nhau

he 6 {tng suat bién dang doc
STT o C'R €0 ec dinh (USD) truc tai USD
(kPa) (%)
1 1 0,83 0,83 32,80 0,56
2 2 0,83 0,82 46,70 0,67
3 2 0,83 0,78 63,25 0,56
4 5 0,83 0,80 89,99 0,78
5 8 0,83 0,80 91,52 1,01
120
® OCR1
100 | 4 OCR2
OCR2 (2)

[e)
o
1

OCRS o
OCR8 / | \
S N

A
o
|

Do léch trng suét q (kPa)
()]
o

N
o

0 - s

0 20 40 60 80 100 120

Ung suat hitru hiéu trung binh (kPa) @

128



120
100
©
<
— 80 ;
o I
] .
a 60 | /
E. 40 A OCR2
é' W OCR2 (2)
20 OCR5
¢ 0OCR8
0’
0 5 A0 15 20 25
Bién dang doc truc (%) (b)
140
g
< 120
=11}
c
*2 100
x0
$ =0 ©0CR1
=
5. 60 A OCR2
) MOCR2 (2)
5 0
= OCR5
S 204
m ¢ OCR8
0
0 5 10 15 20 25
Bién dang doc truc (%) ©
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Keét luian

Két qua thi nghiém cho thiy hé s6 qua cb két OCR c6 anh huong lon dén kha ning hoa 1ong cua cét.
Khi OCR cang 16n, kha nang khang hoa 16ng cia cat cang tang 1én, mirc do tang 16n khi OCR thap (véi
OCR<5) va giam dan khi hé s6 OCR cao. Ngoai ra, khi OCR tang cao thi bién dang doc truc tai thoi diém
mau bi phé hay (d6 léch ung suit dat dinh) ciing tang Ién.

Chudi thi nghiém dugc thuc hién trén cat voi sb thi nghiém con han ché, dé thay dugc anh huong cua
OCR t6i sy hoa long cua dit mot cach tong quat can c6 mot nghién cau toan dién hon vai cac vat lidu
khac nhu hdn hop cat véi hat min hay céc loai dat tu nhién.
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ABSTRACT

Studying the effect of over consolidation ratio (OCR) on the static
liquefaction of Fontainebleau sand
bing Quang Huy'?, Reiffsteck Philippe?,
LIFSTTAR, Cité Descartes - 14-20 boulevard Newton, 77447 Champs-sur-Marne, Marne-la-Vallée.
ZHanoi University of Mining and Geology

This paper presents result of a series triaxial tests researching about influence of over consolidation
ratio to static liquefaction behavior of Fontainebleau sand. The result shows that at normal consolidation
(OCR=1) complete static liquefaction occurs but when the over consolidation ratio increases, the
resistance to liquefaction of sand increases also, and the complete static liquefaction becomes to
temporary liquefaction. In addition, the higher OCR is, the higher the peak of stress difference is.
However, up to a certain value of OCR (OCR=5) then the variability of the peak decreases and the value
of the peak deviator stress is almost unchaged.

Keywords: Fontainbleau sand, static liquefaction, temporary liquefaction, over consolidation ratio, peak
deviator.
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Numerical modeling of unreinforced and reinforced piled
embankments. Part I: Numerical modeling sequence
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ABSTRACT

The numerical modeling is nowadays known as an efficient and cost-effectiveness tool to deal with
geotechnical issues. There have been many numerical studies performed for simulating the behavior of a
piled embankment (unreinforced piled embankment) or geosynthetic reinforced piled supported (GRPS)
embankment (reinforced piled embankment). However, the order for a numerical modeling has not
clearly been shown in the former researches.

In the part I, the unreinforced and reinforced piled embankments and their load transfer mechanisms are
introduced. The numerical modeling procedures are then provided, in which the details of each step are
presented. The results illustrate a flowchart that summarizes the simulating implementation steps.

In the part Il, an application of the presented works for modeling a piled embankment is conducted. The
behavior of a piled embankment is described in terms of load transfer mechanism, and pile and soil
settlements.

Keywords: numerical modeling; piled embankment; geosynthetic reinforced; load transfer; settlements

1. Introduction

The piled embankment involves the rigid inclusions/piles (with or without caps) embedded floatingly
or totally in the compressible soil layers. The piles are typically arranged in the triangular or square
patterns. Next, a granular earth platform (embankment or mattress) is embanked upper. This layer plays
an important role in the load transfer mechanism, so it is called the load transfer platform (LTP). That
complex system is termed a piled embankment (Fig. 1.a). The case that the earth platform is reinforced by
one or several geosynthetic layers is known as a geosynthetic reinforced pile-supported (GRPS)
embankment, as illustrated in Fig. 1.b. The structures such as railway system, road pavement, or
slab/footing are then placed on the top of LTP.

The load transfer mechanism within the embankment of the system is based on the principle of soil
arching. Due to the significant larger stiffness of the pile than the ground and shearing strength of soil, the
shear stress results in an increase in the pressure acting on pile cap and a decrease in the pressure on
foundation soil. Therefore, piles carry the large percentage of total loads (embankment weight, surcharge
or external loadings) (load part A), and the soft soil takes the remaining amount of loading (residual
loading), as drawn in Fig. 2.a. In the case of GRPS embankment, the residual load is divided into two
parts: part B passes through the GR to the piles and part C is applied to the subsoil (Fig. 2.b). Regarding
the load part C, it will be transferred directly to the subsoil and indirectly the piles in terms of the negative
skin friction along the shaft of piles. Due to less load applied to the soft soil, the soft soil and
embankment settlements decrease. The load on pile cap and negative skin friction are transferred along
the pile to deep bearing layers.

Thanks to the simplification in method statement and in design calculation the and given advantages,
piled embankments were increasingly applied for projects of highways, railways, oil tanks, buildings,
retaining walls and wind turbines (Simon and Scholsser 2006).

2. Numerical modeling of piled or GRPS embankments

The numerical simulations have been increasingly used due to some advantages compared to analytical
methods and experimental works, such as cost-effectiveness aspects, reduced calculation time, complex
problem-solving ability, and acceptable accuracy. There are many numerical methods used to solve
geotechnical problems, such as Finite Element Method (FE, FEA or FEM), Finite Differential Method
(FDM), Discrete Element Method (DEM), Boundary Element Method (BEM), and Material Point Method
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(MPM). Commercial programs have been built and developed, such as FLAC 2D and 3D (FDM),
ABAQUS, ANSYS, PLAXIS (FEM); PFC 2D and 3D, 3DEC, and open-source code YADE (DEM),
3DynaFS-Bem (BEM), MPMsim™, Anura3D MPM (MPM).
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Fig. 1. Detail of the reinforcement systems: a) Piled embankment; b) GRPS embankment
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Fig. 2. Load transfer mechanism of the systems: a) Piled embankment; b) GRPS embankment

In literature, many numerical simulations were performed to study the behavior of piled embankments
by different software packages, such as PLAXIS (Jennings and Naughton 2012; Zhang et al. 2013; Okyay
et al. 2014), FLAC (Han and Gabr 2002; Stewart and Filz 2005; Jenck et al. 2006,2007;0kyay and Dias
2010, Okyay et al. 2012; Nguyen et al. 2013; Dias and Simon 2015), ABAQUS (Liu et al. 2007; Zhuang
2009; Zhuang and Ellis 2016; Zhuang and Wang 2018)or ASTER (Messioud et al. 2016, 2017), and their
validity has been regularly confirmed by the scale model results. Obviously, FLAC3D and ABAQUS are
well-known software for simulations due to the friendly display, the wide range of applications, the
flexible mesh generation, and analysis. They have been suggested for various numerical studies in
geotechnical engineering problems. In addition, these above studies were mostly focused on the solved
problems. They have not been explained clearly the sequence of a numerical modeling of a piled or GRPS
embankment.

Based on a brief review, it is shown that the piled or GRPS embankments have been broadly applied
for the infrastructural and industrial projects. A study on the numerical modeling sequence for the
unreinforced and reinforced piled embankments is performed. An application of this sequence to solve a
piled embankment brings users an insight into the presented implementation steps.

3. Steps for simulating piled or GRPS embankments

Based on analyzing the many studies, a piled and GRPS embankment were commonly modeled by the
following steps: model idealization, discretized mesh, constitutive models and material parameters,
soil/structure interaction, boundary conditions and loads, analysis procedure, and resulting visualization.

3.1. Model idealization

Many geometrical idealizations of piled embankments (or GRPS embankments) were employed for the
numerical simulations. In practice, piles are commonly arranged in the square or triangular grid. Using a
GR embankment over a pile-square net, Han and Gabr (2002) assumed that the influence zone of a single
pile was simply equivalent to a circle in a 2D plane (or cylindrical in a three-dimensional view). Based on
the axis symmetry, the problem was finally solved using a 2D simulation, as shown in Fig. 3a.
Additionally, 2D models were recommended by Jenck et al. (2007). Besides, the three-dimensional grid
of piles can be solved into plane strain conditions (Satibi, 2009), where the equivalent thickness teq in the
plane strain model was calculated based on keeping the improved area ratio (Ay/A) as a constant. Studying
an embankment over a rigid inclusions-reinforced soft soil, Jenck et al. (2006) stated that the problem is
truly three-dimensional. A unit cell was selected to represent for the full model, as given in Fig. 3b.
Similarly, a quarter of elementary part of the embankment was modeled in the studies of Zhuang and Li
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(2015) and Moormann et al. (2016). Huang et al. (2005) and Liu et al. (2007) employed the 3D numerical
simulations to investigated the GRPS embankments. In their studies, a strip of half the cross section was
considered due to the symmetrical plane of the geometry.
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Fig. 3. Numerical model of the unreinforced and reinforced piled embankments: a) 2D model of Han and
Gabr (2002); a unit cell model of Jenck et al. (2006)

3.2. Discretized mesh

3.2.1. Mesh generation

The geometrical feature of the physical structures modeled in FEM or FDM is defined by elements of
discretization and nodes. Each element, which stands for a discrete part, is interconnected with the other
elements by shared nodes (continuum model). A collection of the elements and nodes is called mesh.In
general, the finer the mesh, the more accurate the results. However, the increase in mesh density results in
the increase of the calculation time (HKS 2014).In the case of PE, in order to reduce the computing time,
an idealized geometry is taken into account where a full model can be represented by a part, a half, or a
unit. Moreover, the variation of the mesh should be performed. It means that the mesh density of a
structure is variable depending on the deformation of the different parts. In particular, the fine mesh is
generated at the high-stress and large-strain concentration areas.

3.2.2. Element type and shape

In addition, the element type and shape are also influent on the obtained results and the calculation
time. For instance, the study of Ng et al. (2015) stated that the C3D8 finite elements replaced by the
C3D20 ones resulted in declining the calculation time from 36 down to 2 hours (18 times), and produced
a result difference of 6%. Finally, they recommended that the C3D8 elements were employed to simulate
soil stratum. The number of nodes is then the important element which should be considered.

3.2.3. Element section features

In a piled embankment or a GRPS embankment analysis, volumetric elements in the FE analyses were
usually considered to model the soft soil, the embankment fill, and the piles. Sometimes, the beam and
pile structural elements were employed for piles to easily obtain the efforts (axial force, shear force and
moment) inside them (Huang et al. 2005, Kim 2017). The geosynthetic were simulated by truss elements
(Ariyarathne et al. 2013), shell elements (Zhou et al. 2016) or membrane elements (Liu et al. 2007,
Zhuang and Wang 2018). In the case of structural elements, their section properties have to be indicated.

3.3. Constitutive models and material parameters

In numerical modeling, the materials behavior is represented by constitutive models. There are various
types of constitutive models to simulate the behavior of materials, such as the elasticity, the plasticity
(Mohr-Coulomb, Cam Clay, and Cap-Yield models), the hyperplasticity, the hypoplasticity and the
damage models. Based on the behavior of materials, the appropriate model should be selected. It is a fact
that the more complex the model, the more accurate the results. In order to simulate the piled
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embankment, plasticity models have usually been employed to represent the soft soil and the embankment
fill (Han & Gabr 2002; Huang et al. 2005; Jenck et al. 2006, 2007, 2009a, 2009b; Liu et al. 2007;
Briancon and Simon 2009; Le Hello and Villard 2009; Huang and Han 2009, 2010). The elasticity is a
good suggestion for modeling the structural components like foundation and piles. The descriptions of
soil constitutive models are illustrated in the following section.

3.4. Interactions between soils and structures

When the difference in stiffness between the elements occurs, it is necessary to consider the
interactions between elements. The interfaces between the pile-soil and soil-geosynthetic must be figured
out, and their parameters need to be provided. In general, the interface properties are dependent on the
stiffness of the surround media, the cohesion, and the friction angle (Jenck et al. 2007, 2006; Liu et al.
2007). However, to simplify the interface effects, Han and Gabr (2002) and Jenck et al. (2009b) assumed
that the interfaces of pile-soil and geosynthetic-soil were fully bonded as considering a relatively small
deformation of the system.

3.5. Boundary Condition and Loads

Boundary conditions are utilized to block in terms of displacements the boundaries of the model. It
permits considering the symmetry planes or axis used in the idealized geometries or infinite media. In a
static analysis, boundary conditions have to be given to prevent the movement of the model in any
direction; in other ways, the unrestrained rigid body motion leads to the stiffness matrix to be singular.
Therefore, the proper domain of simulation should be selected, which does not only minimize the
influence of boundary effect but also reduce the degrees of freedom. Analyzing a reinforced piled
embankment, Liu et al. (2007) took into consideration that the length of the model was extended three
times the width of half the embankment to disregard the boundary effect, and horizontal boundaries were
fixed (displacements were set to zero) in the normal their directions. As assuming that the system was
positioned on a non-deformable rigid stratum at the bottom plane of the mesh, the displacements were set
to zero in the three directions x, y, and z.

In the case of pile embankments, the most common loads include the gravity, the hydrostatic loading
(undrained analysis) and the pressure loads on the embankments (surcharge loading and traffic loading)
(Zhuang and Li 2015).

3.6. Analysis procedure

Generally, in a geotechnical analysis, the first is the initial step where the initial conditions are
assigned such as the initial stress, the pore water pressure, the saturation, the void ratio, etc. Next is the
geostatic phase that allows activating the body weight of soils and initial conditions. The displacements
are reset to zero after this step. The following step could be the static loading phase (the consideration of
the embankment weight and surcharge loading). As a moving wheel load/cyclic loading is taken into
consideration, it is applied to the embankment top (Zhuang and Li, 2015).

In other cases the dynamic response of a structure to the loads may be of interest: for example, the effect
of a sudden load on a component, such as the one occurring during an impact, or the response of a
building during an earthquake (HKS, 2014).

3.7. Result visualization

In this step, the stresses, strains, settlements and internal forces can be pictured out or output in the
database.

Based on the analysis of each specific step to simulate the non-reinforced or reinforced piled
embankments, the implementation steps are suggested and shown in Fig. 4.

4, Conclusions

In the paper, the configuration of a piled and GRPS embankments are presented. The load transfer of
the systems is mostly dependent on the arching effect in the embankment and the negative skin friction of
piles. Numerical simulations proved their abilities for simulating the piled embankment systems due to its
reduction in calculation time, the reliable results, and the cost-effectiveness solution. The specific
numerical modeling step presented shows that the tasks and procedures need to be considered in the
analysis. As a suggestion, the implementation steps for numerical simulations of piled embankments or
reinforced piled embankments are then presented in Fig. 7. The presented numerical simulation sequence
does not only provide a clear approach for the new users, it also brings the advanced guideline for the
professional modelers.
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Fig. 4. Implementation steps for the piled and GRPS embankment analyses
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TOM TAT

Nhirng nam gan day, nhiéu két cdu bé tong cot thép toan khdi, véi kich thudc 16n, da duoc xay dung &
cac d6 thi Viét Nam. Tuy nhién, hu hong va nut né cua két cdu khéi 16n gay ra do ¢ng suat nhiét, xay ra
khi xi mang thiy hda, ngay cang tré nén phd bién va anh huéng 16n dén do bén va do tin cay cua ching.
Bai bao nay da sir dung tiéu chuan ACI 211.1-02 dé xéac dinh thanh phan cua bé téng nang va phan mém
Midas Civil dé xac dinh dwoc ché do nhiét va ing suét nhiét, tir d6 danh gia kha ning hinh thanh vét nit
trong khéi méng bé tdng ¢ do tudi som.

St dung chuong trinh Midas Civil da xac dinh dwoc nhiét d6 tdi da tai tim cua khdi méng bé téng nghién
ctiu 12 73,04°C sau 72 gio ké tir khi bat dau tron nguyén liéu véi nudc. Dbng thot, da xac dinh dugc chénh
léch nhiét do giira diém tai tam khdi méng (niit 97) va cac diém trén bé mat khéi mong d6 (ndt 141 va 98)
lan luot 12 33,04°C va 34,1°C. Bén canh do, tai cac nit 141 va 98 & mat ngoai cua khéi bé tong nay sau
khi d6 30 gio, ng suat kéo do nhiét thily hda cua xi mang da 16n hon cudng do kéo cua bé tong, dan dén
su hinh thanh vét nuat trén cac bé mat. Vi vay, dé kiém soat va ngin ngira vét nit phét trién, can phai co
céc bién phap bao dudng thich hop céc bé mat cua khdi mong trong qué trinh hdn hop bé tong dong ran.

Tir khoa: Bé tong nang; cudng do kéo; niat do nhiét; ché do nhiét; ng suét nhiét.

1. D3t vin dé

Trong nhitng nam gin day, két cdu bé tong va bé tdng cbt thép toan khéi dang duoc st dung rat phd
bién trong x4y dung cac toa nha cao ting, siéu cao tang, cau nhip 16n trén bién, cic cong trinh ngim dudi
sdu va nhiéu cong trinh khac ¢ Viét Nam béi nhirng vu diém vuot troi ctia nd so véi cac vat lieu khac.
Tuy nhién, trong cac két ciu khdi 16n thi thanh phan da xi méng trong ciu trac c6 xu huéng co lai do qua
trinh xi ming thuy héa va hdn hop bé tong mét nude ty do. Vi vay, tai ving tiép giap cua da xi ming va
cdt liéu 16n thudong xuét hién cac vét nit vi co ng6t khong déu (Tang Van Lam et al., 2018; Ngo Xuan
Hung, Tang Van Lam et al., 2018). Ngoai ra do két cau kich thudc 16n nén trong qua trinh bé tong dong
ran nhiét lvong giai phong do sy thiyy héa cua xi mang véi nude ¢ cac tudi som, rat kho dé truyén tir cac
16p bé tong phia trong khdi mong ra bén ngoai, din dén co sy chénh 1éch nhiét d6 1on giira khu vuc trung
tam va cac bé mat bén ngoai ctia khbi bé tong (Shengxing Wu et al., 2011; Cui W. et al., 2015). Khi gia
tri cua chénh 1éch nhiét nay la dang ké s& hinh thanh céc ung suit kéo do sy xuét hién dot ngdt cla
Gradient nhiét do cao, va két qua la vét ntit s& xuét hién tai tAm hodc trén cac bé mit ctia két cau, lam
giam cuong d6 va do bén clia cac cong trinh (Wu Y, Luna R, 2001; Adrian M, Lawrence, 2009).

Do do, viéc klém so4t ché do nhiét va trang thai img sudt nhiét 1a rit quan trong dé danh gia xac suét
xut hién cac vét nut trong khdi bé tong & cac tudi sém (Kjellman O, Olofsson J., 1999; Zhu Bofang,
2014) Tuy nhién, viéc t& chirc kiém soat nhur vdy trong thyc té thuong rat kho khan, dac biét la trong cac
cau trac c6 kich thude lon, chang han nhu cac phin ngam ctia toa nha siéu cao tang, nén méng ctia nhiing
cdy cau c6 nhip 16n ... (Nguyen Trong Chuc et al., 2018, Tang Van Lam et al., 2018; Kopylov V.D. et al.
2012).

Trong nghién ciru nay, cap phéi s0 bd cua bé tong duoc xac dinh theo tiéu chuan ACI 211.1-02 va su
dung phan mém Midas Civil de xac dinh duogc ché d¢ nhiét, nhiét do t01 da va tmg suat do nhiét, dé tir 46
danh gi4 kha nang hinh thanh vét niit trong khéi mong bé tong & cac tudi som ngay.

2. Vit liéu va phuong phap nghién ciru
1.1. Vat ligu sik dung
Trong nghién ctru nay da st dung céc loai vat li€u nhu sau:
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- Xi mang Portland (X) PC 40 Tam Diép v6i khdi lugng riéng 1a 3,12 g/cm® va nhiét d¢ nhiét toi da
phat sinh trong qua trinh hydrat hoa cua loai xi mang 1a 209 kJ/kg.

- Cat vang ctia séng Lo (C) voi mo dun do 1on Mk = 2,85, khdi lugng riéng 2,67 g/cm?, khdi lwong thé
tich trung binh & trang thai ¢dm chat 1650 kg/m® va thanh phan hat cua cat thoa man yéu cau theo TCVN
7572:2006.

- Pa dam dugc nghién d4 Bazan (D) voi Dmax=20 mm, khdi luong riéng 2,66 g/cm?, khoi lugng thé
tich trung binh ¢ trang thai ¢am chat 1650 kg/m®.

- Nude tron hon hop bé tong (N) 1a nwde mdy sinh hoat.

1.2. Phwong phdp nghién ciru

- CAp phoi so bo cua hdn hop bé tong duge xac dinh theo tiéu chuan ACI 211.1-02 (M¥).

- Tinh cong tac cua hop hop bé tong dugce xac dinh thong qua do sut ciia con hinh nén cut, phu hop vaoi
tiéu chuan GOST 10181-2014 (Nga).

- Cuong d6 nén ctia bé tong dugc xac dinh trén mau hinh 1ap phuong, canh 15 cm theo tiéu chuan
GOST 10180-2012 (Nga).

- Modun dan hdi ciia bé tong dugc xac dinh theo tiéu chuan ACI 318-2005 (M¥).

- Nhiét lugng thity hoa 16n nhét ciia xi mang xac dinh theo tiéu chuan ASTM C186-17 (My).

- Ché @6 nhiét, nhiét do téi da va ung suat do nhiét trong khdi mong bé tong dwoc xac dinh theo
phuong phap phan tir hitu han va dwa vao chuong trinh Midas Civil.

1.3. Dot twong nghién ciru

Déi twong ciia nghién ctru nay 1a khbi mong cua cau vuot bang bé tong cdt thép véi kich thude 8x6x2,5 m

(Hinh 1). Két cdu dugc thi cong vao mua hé & mién Trung cta Viét Nam.

_ 3
== 1- Mong cau véi kich thudc

8x6x2,5 m.

2- Nén mong.

" Hinh 1. Hinh dang phéc thao va mat Cat ngang cua khol moéng bé tdng nghién cuu
3. Két qua va thao luan
1.1. Tinh to&n cdp phéi so b ciia hén hep bé tdng nghién crru

Hdn hop bé tong trong nghién ctru nay can dap tmg duogc cac yéu cau ky thuat nhu sau:

- Tinh cong tac cia hdn hgp bé tong xac dinh theo do sut (SN, cm) clia con hinh nén cut tiéu chuén,
SN =80 - 100 mm.

- Cuong d6 nén & tudi 28 phai dat 35 MPa.

- Thé tich ctia khong khi cudn vao hdn hop bé tong trong qua trinh tron 13 1%.

Dua vao tiéu chuin ACI 211.1-02 da x4c dinh dugc cap phéi co sé cua hdn hop bé tong, da duoc thé
hién trong bang 1. Két qua thi nghiém cac tinh chét ciia hdn hop bé tong va bé tong thu dugce tir cip phdi
néu trén duogc trinh bay trong bang 2.

Bang 1. Cdp phai so b va tinh chdt ciia hon hop bé tong

Cép phdi caa hdn hop bé tong (kg/m?) Tinh chét cua hdn hop bé tong
N Khéi luong thé
X Cc D N X tich (kg/m?) SN (mm)
436 696 1023 205 0,47 2360 95
Bang 2. Tinh chdt co Iy ciia bé tong

Khéi lugng thé tich Cuong d6 nén trung binh (MPa) Cuong d9 kéo khi udn trung binh
trung binh (kg/m®) | 3ngay | 7ngady | 14ngay | 28 ngay & tudi 28 ngay (MPa)

2355 19,52 25,04 31,17 36,3 3,11

_ T cudng d6 nén trung binh cua bé tong ¢ tudi 28 ngay va theo tiéu chuan ACI 318-2005, mé dun dan
hoi dugce xac dinh theo cong thirc sau:

E, =4730,/R",; = 4730,/36,3 ~ 28500 (MPa) (1)

Tir cac két qua thuc nghiém trong bang 1 va 2 c6 thé thay rang: thanh phan cép ph01 ctia hon hop bé
tong thu duge theo tiéu chuan ACI 211.1-02, c6 tinh cong tac thoa man diéu kién thiét ké ban dau va
cuong d6 nen ¢ tudi 28 ngay dap ung dugce yéu cau cho phép. Ngoai ra, gia tri cuong do nén thyc nghiém
cho thiy rang toc do phat trién cuong do ciia loai bé tong nay 1 kha nhanh, ¢ tudi 3 ngay da duoc 54%
cudong do & 28 ngay.
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1.2. Tinh toan ché dg nhigt dg va trang thai iing sudt nhiét trong khéi méng bé tong nghién ciru
1.2.1. Céc ly thuyér danh gid xdc suat hinh thanh vét nit trong khai bé tong ¢ tugi sém

Theo céc tiéu chuan hién nay, danh gia xac suat xay ra cac vét nut do (mg suit nhiét trong két cau bé
tong khdi 16m c6 thé thuc hién theo cac 1y thuyét sau day:

- Theo TCVN 305: 2004 (TCXDVN 305:2004, 2004): c6 hai yéu t6 gay ra cac vét nirt trong két cdu bé
tong khoi 16n khi dong rén ¢ cac tudi som la:

+ Chénh léch nhiét d¢ giita hai diém trong khdi bé tong: AT > 20°C.

+ Gradient nhiét d6 trong qua trinh bé tong dong ran Mt > 50°C/m.

- Theo cac nghién ctru (Francisco D., Rikard J., 2016), khi timg suét kéo do nhiét trong bé tong cr(te)
tai thoi diém e cao hon so véi gidi han 6 bén kéo khi uén Ru(te) ctia nd, thi vét nirt s& hinh thanh trong
khdi bé tong.

1.2.2. Tinh chat vat liéu va diéu Kién ciia méi truong

Céc tinh chét co 1y ciia bé tong nghién ctru dugc trinh bay trong bang 3. Khdi lugng xi mang, khéi
lwong thé tich trung binh, cudng dé nén va cuong dd kéo trung binh & tudi 28 ngay cua bé tong da duoc
dua ra trong bang 1 va 2. M6 dun dan hdi cta bé tong da dugc tinh theo cong thirc (1). Gi tri dién hinh
ctia hé s6 gidn nd nhiét cua bé tong duoc Iya chon bang 1,0.105/°C (Hichem M. et al., 2017).

Theo nghién ctru (Tang Van Lam et al., 2018) nhiét d ctia hdn hop bé tong khi d6 1a 20°C va dugc giir
khong doi trong sudt qua trinh thi cong. Nhiét do ciia khong khi trung binh hang ngay dugc lya chon bang
30°C.

Bang 3. CAc tinh chdt cuia bé tong va nén mong trong nghién cizu

Céc tinh chét Bé tong Nén méng

Hé s6 dan nhiét, W/(m.°C) 2,31 3,64
Nhiét dung riéng, kJ/(kg.°C) 0,96 0,84
Er?i,s\j)v/t(r:q);eor;;;hlet tor bé mat tiep xdc cua bé tdng vao khong 13,88 13,62
Hé s gian na nhiét tuyén tinh, 1/°C (Abdallah 1. et al.. 2003) 1,0.10° 1,0.10°
Hé s6 Poisson (Abdallah I. et al.. 2003) 0,20 0,20
Nhiét lwong I6n nhat cua xi mang khi thity hoa, ki/kg 209 -
Khéi lugng xi ming, kg 436 -
Khéi lwgng thé tich trung binh, kg/m?3 2355 2700
Nhiét do ciia hdn hop bé tong ban dau, °C 20 -
Cuong do6 nén trung binh, MPa 36,3 -
Cudng do kéo khi udn trung binh, MPa 3,11 -
Modun dan héi, MPa 28500 20000

Str dyng phan mém Midas Civil, két qua tinh toan truong nhiét cia khoi mong tir loai bé tong nay da

duoc thé hién trén Hinh 2.

MIDAS/Civil
POST-PRCCESSOR
TEMPERATURE

73.04
68.67
64.30
59.94
55.57
51.20
46.84
42.47
38.10
33.73
29.37
25.00

STAGE:CS1
Hydration
HY Step 3, 72.0Hr

Hinh 2. Truwong nhiét dg trong khai méng bé tong sau 72 gio thi cong
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Tir cac két qua thu dugc trong hinh 2 cho thdy ring, nhiét do t0i da trong khdi méng bé tong 1 Trmax =
73,04°C sau 72 giq do bé tong. Sau do, nhiét do bat dau giam dan vé nhiét o Clia mdi truong Xung quanh.
Trang thai rng suat nhiét xuat hién trong khoi moéng bé tdng nay vao thoi diém d6 dugc thé hién trén
Hinh 3.

MIDAS/Civil
POST-PROCESSOR

HYDRATION STRESS

SIG-Pmax

4.42367e+005
3.45405e+005
2.48443e+005
1.51481e+005
5.45196e+004
0.00000e+000
-1.39404e+005
-2.36366e+005
-3.33328e+005
-4.30289e+005
-5.27251e+005
-6.24213e+005

STAGE:CS1
Hydration
HY Step 3, 72.0Hr

~ Hinh 3. Truong ung sudt nhiét trong khéi méng bé tong nghién cuu sau 72 gio a6 bé tong
Tur két qua phan tich dugc thé hién trén Hinh 3 d& chothay, (tng suat nhiét trén bé mat phia trén cua
kh6i mong dat gia tri 16n nhit o, = 4,42367 MPa tai thoi diém 72 gio sau khi d6 hdn hop bé tong.

Hinh 4. Ba vj tri nguy hiém cia khoi méng bé téng nghién citu

Mt khac, néu chénh léch nhiét do giira tam va bé mat khdi bé tong vuot qué gigi han cho phép, diéu
nay c6 thé dan dén g suat nhiét qua mac do Gradient nhiét do dot ngot trong qué trinh bé tong dong
ran, két qua 1a thuong xuit hién cac vét nit trong két ciu & cac tudi som. Do d6, viéc phan tich trang théi
{rng suét nhiét can duoc thyuc hién tai ba vi tri nguy hiém nhit cua két ciu dang dwoc nghién ciru, bao gdm
vi tri trung tam - tai nGt s6 97, vi tri tai bé mat ngoai phia trén - nat s6 141 va vi tri tai bé mat ngoai bén
phai - nt s6 98, ba diém nay dwoc thé hién trén Hinh. 4. Két qua phén tich qua trinh phat trién ng suat
kéo do nhiét do theo thoi gian tai cac nut nay duoc thé hién trong céc hinh 5, 6 va 7. Trong d6: A, B va C
tuong (rng 1a thoi diém bt dau xuat hién vét nirt tai cac nat 97, 141 va 98 khi tng suat kéo do nhiét trong
khéi bé tong cao hon gidi han cuong d kéo khi ubn cia né.

Cliang 43 keo cla bé torig

“YCUdng 03 ¥&6 ¢Ua b8 11g

Jng sUarkéo oo nhiat |

ERAAE LR RS EE LR E3 R 21 NEORaN

Hinh 5. Qud trinh pht trién iing sudt nhi¢t 6 mit -~ Hinh 6. Qua trinh phat trién stng sudt nhiét ¢ nat
50 97 theo thoi gian so 141 theo thoi gian
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Hinh 7. Qua trinh phat trién tng suat nhlet & nat s6 98 theo thoi gian

4. Két luan

1. C6 thé sir dung vat liéu san co tai Viét Nam va tiéu chuén ACI 211.1-02 dé thu duoc cép phéi bé
tong nang dung cho két cAu bé tong cdt thép toan khdi véi tinh cong tac cia hdn hop bé tong xac dinh
theo do sut ctia con hinh ndn cut tiéu chuén 13 95 mm, cuong do nén va cuong dd kéo khi udn cua bé tong
& tudi 28 ngay 1an lugt 14 36,3 MPa va 3,11 MPa.

2. Sir dung chwong trinh Midas Civil da x4c dinh dugc nhiét d6 téi da tai trung tm cua khdi bé tong da
nghién ctru 13 Trmax = 73,04°C sau 72 gio ké tir khi bét dau tron nguyén liéu voi nude. Sau do, nhiét d6 nay
bat dau giam dan vé nhiét dd moi truong. Déng thoi, tai thoi diém dé ung suét nhiét trén bé mat phia trén
ctia khdi mong dat gi tri 16n nhat 13 o (72 gid) = 4,423 MPa.

3. Tai cac nut 98 va 141 trén khbi bé tong nghién ctru, sau 30 gio 6 hdn hop bé tong, gia tri g suét
kéo do nhiét da bit ddu vuot qué gia tri cho phép ctia cudng do kéo khi udn cia bé tong, do dé ¢6 sy hinh
thanh cac vét nit trén bé mat khoi bé tong. Vi vdy, dé ngan ngira vét niit, can phai dam bao viéc bao
dudng cac bé mit bé tong trong giai doan 30 gid sau khi thi cong.

4.0 trung tdm cua khdi méng bé tong - nut 97, gia tri ctia g suét kéo do nhiét vuot qua gié tri cudng
d6 kéo khi ubn tai thoi diém 590 gio (tc la hon 24 ngay) sau khi d6 hdn hop bé tong, nhung & thoi diém
naybé tong da dat duoc yéu cau vé cuong do, nén nguy co nit tai trung tdm cia khdi mong gay ra do
nhiét luong trong qué trinh hydrat héa ciia xi mang la khong nhiéu va khong nguy hiém.
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ABSTRACT

Composition and crack evaluation of early age concrete in the massive
foundation

Tang Van Lam?, Vu Kim Dien?, Ngo Xuan Hung!, Pang Van Phi?, Boris Bulgakov*
!National Research Moscow State University of Civil Engineering
2 Hanoi University of Mining and Geology

In recent years, many large-scale constructions from monolithic concrete structures have been built in

different regions of Vietnam. However, structures damage and cracking, caused by temperature stresses,
become more popular and strong impact on operation reliability and durability. In this article, the standard
ACI 211.1-09 was used to determine the composition of heavyweight concrete. Assessment of cracking in
early age concrete was made by analysis of temperature field and the thermal-stress.
By applying the computer program Midas Civil, the maximum temperature in the concrete foundation
center which was determined after 72 hours from the commencement of mixing of raw materials with
water, equal to 73.04°C. At the same time, the structure temperature difference between the center (node
97) and surface (nodes 141 and 98) was 33.04°C and 34.1°C, respectively. In addition, at nodes 141 and
98 of the concrete foundation at 30 hours of concrete hardening, the tensile stress is greater than the
tensile strength of the concrete leading to crack formation on the concrete surface. Therefore, in order to
prevent cracking, it is necessary to ensure proper care of the foundation surface during the concrete
hardening.

Keywords: heavyweight concrete; tensile strength; crack formation; temperature regime; thermal-stress.
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E‘RSEB- ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PARHSCENCESAD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru m6 phong qua trinh sinh nhiét va truyén nhiét
khi thily hoa bé tong xi mang bang phan mém FLAC3D

Nguyén Van Manh*
! Truong Pai hoc Mo - Dja chat

TOM TAT

Trong qua trinh bé tong déng cung la qué trinh thiy héa xi mang trong bé téng. Phan tng thuy hda xi
mang 1a loai phan &ng cham dan va kéo dai rat 1au. Day 1a loai phan @ng sinh nhiét. Qua trinh thuy hoa co
thé duoc chia thanh nhiéu qué trinh vat 1y khac nhau, trong d6 qua trinh co va nhiét dugc xem |a phd bién
nhat. Bai béo trinh bay két qua nghién ciu sy sinh nhiét va truyén nhiét trong qué trinh thity hoa xi méang
bang phin mém FLAC3D. Két qua md phong c6 thé cho phép dy béo, kiém soat lugng nhiét sinh ra va su
phan bé cua ching trong két ciu bé tong ciing nhu anh hudng cua (ng suit nhiét sinh ra trong qué trinh
thity hoa bé tong xi ming dén sy phat trién cuong do cua bé téng.

Tir khoa: bé tong; thuy héa; sinh nhiét; truyén nhiét

1. D3t van dé

Qua trinh thily hoa xi méing trong bé tong 1a mot qua trinh phan tng héa hoc cham dan va thuong kéo
dai rat lau. Didu nay cho thay cuong do cua bé tong ting dan theo thoi gian. Tuy nhién, cang vé sau, toc
d6 tang cudong do cua bé tdng cang cham. Theo két qua nghién cau cua Phing Vian Ly, 2006 cho thiy
rang ham lugng xi ming trong bé tong chua thay hoa sau 28 ngay khoang 20% ham luong toan bo hat.
Qua trinh thity hoa xi méng 1a loai phan ung c6 sinh nhiét (chi yéu do thanh phan C3A va C3S thay hoa
sinh ra).

Trong qua trinh bé tong déng cting, do sy thily hoa cuia xi mang da sinh ra lugng nhiét rat Ion, 1am cho
nhiét d6 trong khéi bé tong ting cao, do tinh chat dan nhiét cua bé tong kém nén nhiét luong sinh ra tap
trung vao trong khdi bé tong lam ting nhiét do trong bé tong gay ra chénh léch nhiét do trong va ngoai
khéi bé tong. Nhiét do trong khéi bé tong cao hon nhiét d6 méi truong bén ngoai khdi bé tong. Theo thoi
gian, nhiét do trong khdi bé tdng s& giam dan tgi muc 6n dinh. Quéa trinh phat sinh nhiét khi thuy hoa xi
ming gy ra &ng suat nhiét 14 mot trong nhitng nguyén nhan gay ra cac vét nut trong két cau bé tong, lam
giam tudi tho cong trinh (Bui Bac Vinh va nnk, 2005; H6 Ngoc Khoa va Vii Chi Cong, 2012).

Su hinh thanh va phan b truong nhiét trong bé tong phu thudc co ban vao cac yéu té nhu: sé lugng
hat cét liéu, hinh dang hat cét liéu, loai va ham lugng xi mang, cac tinh chét vé nhiét cua vat liéu, toc do
toa nhiét, hinh dang - kich thuéc két cau, cap phdi bé tong, phuong phap bao dudng bé tong, mdi truong
xung quanh két cdu ..v.v. Trong thi cong cac cong trinh dan dung va cong nghiép hién nay c6 nhiéu két
cau c6 khdi Tugng rat 16n nhu dam chuyén, dai mong, mong may, dap ...v.v. Véi nhitng két cau nay
lwong nhiét thiy héa xi mang 1a rat 1on.

Bai bao trinh bay két qua nghién ctru qué trinh sinh nhiét va truyén nhiét khi thay hoa bé tong xi ming
biang chuong trinh FLAC3D. Qua trinh mé phong duoc thuc hién theo cac budc: phét sinh nhiét va truyén
nhiét bang cac md hinh nhiét; qua trinh dong cing va phét trién cudng do bang cac mé hinh co hoc. Phan
mém st dung md hinh thay hoa duge dé xuat boi Onken va Rostasy, 1995 trong tinh toan mé phong.

2. Ly thuyét vé truyén nhiét va ing suit do higu ng nhiét

Téc do thiy hoa duge dinh nghia 1a ti s6 giita lugng nhiét sinh ra tai thoi diém dang xét Q (J/m®) va
lugng nhiét sinh ra 16n nhét cta qué trinh thay h6a Qmax (J/m3):

a(t,) = T )
trong do:

te 12 tudi cua bé téng.

Thoi gian thiy héa phy thudc vao nhiét do cua bé tong. Do vay, do dan nhiét cua vat lidu thiy hda va
nhiét 46 moéi truong ban dau co vai trd quan trong trong qua trinh truyén nhiét. Nhiét do moi truong thap
hon s& dan dén thoi gian thay hoa 1au hon va nhiét do sinh ra nho hon. Nguoc lai, khi nhiét d6 méi truong

* Téac gia lién hé
Email: nguyenvanmanh@humg.edu.vn
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cao hon, qua trinh thity h6a s& didn ra nhanh hon va nhiét d6 sinh ra s& Ién hon. Khi d6 tudi bé tong dugc
xac dinh nhu sau:

ty = I & uey ay @

trong do:

R 12 hing s6 khi (R = 8,314 J/K/mol);

Ea 12 nang lugng hoat dong (J/mol);

Tret 12 nhiét do tham chiéu (K) duoc lay bing 20°C ;

T la nhiét o cua vat liéu (K).

Luong nhiét sinh ra trong qua trinh thuy hda cta xi mang trong bé téong dugc tinh nhu sau:
Qlte) = C.Qc(t,) ®)
QHLEI = C' II'?I:E" max (4)

trong do:
C 1a ham lwong vt liéu két dinh xi mang (kg/m®);
Qce la tong lugng nhiét do qué trinh thuy hoa sinh ra dén thoi diém xét (J/kg);
Qce max |2 téng lwong nhiét sinh ra cho dén khi qua trinh thuy héa két thic (J/kg).
Tir phwong trinh (3) va (4) va (1), nhiét luong giai phéng tai thoi diém xét 1a:
rl'{tp] = Q{tp] =a.C. '?CP max (5)

Néu khong co bat ky diéu kién han ché nao thi qua trinh thity hoa s& xay ra trong pham vi o = [0, 1].
Trong qua trinh d6, nhiét ludn luén dugce sinh ra va tong lugng nhiét sinh ra khi qua trinh két thic 13 Qmax.
Tuy nhién, qua trinh nay c6 thé bj han ché boi nhitng yéu t6 vé vat 1y. Do d6, ¢ hai diéu kién bién, mot 1a
phu thudc vao nhiét dg, thir hai 1a phy thudc vao tde do thay hoa:

qlt,) T = Ty
(t,) = { . g 6
iy []{ | T= Tn;qu (6)
gl o = gy
f]":tp] B {U 0= Omayg ()

Murc d6 thily hda con phu thudc vao tudi twong tng cua bé tong theo phwong trinh (2), day 1a mot ham
mil v6i hai tham sé vat liéu Jonasson b 1 t; nhu sau:
ale) = o V") ®)

Tudi tuong dwong cuia bé tong dugce tinh theo phwong trinh (2). Trong d6 tham sb vat liéu duy nhét la
nang lugng hoat dong Ea. Nang lugng hoat dong Ea 1a mot ham s6 cua nhiét do nhu sau (Onken va
Rostasy, 1995):

E,(T) ={EAL+dEAT'{TDEA_T} T.E To.ea )
Eyy T2Toea
trong do:
Ea1=30 kJ/mol; dEA,T = 1,47 kd/mol/K; Toea = 293°K.

Qué trinh truyén nhiét duoc gia thiét 1a dang huéng va la ham sé cua nhiét dung riéng (cp) va do dan
nhiét (1) nhu sau:
Cp = Cp-(1 + deypoar) (1 4 dey 7. T) (10)
1=21,.01 +di,.e)1 +di,.T) (12)

3. Sir dung mé hinh Drucker-Prager dé md phéng qué trinh thiy héa

Phan mém FLAC3D st dung md hinh Drucker-Prager cai tién dé mo phong qua trinh thiy hoa cua Xi
ming. Trong d6 tinh chit dan hdi va do bén cua bé téng phu thuc vao toc do thay hoa (Hinze, 1987). O
day can chi y dén gid tri toe do thiry héa tdi thiéu o, - day 1a gia tri thé hign su chuyén doi giira hai trang
thai huyén pha va ran cing. Khi tdc do thay hoa vugt qué gia tri aw, dd bén va do cing cua bé tong khong
con phu thudc tuyén tinh vao tdc do thiy hoa. Khi d6, md dun dan hdi E cua bé tdng trong qua trinh thuy
hoéa dugc xac dinh nhu sau: .

E(a) = Egq,. (%) (12)

trong do: ) )
Ecte 12 m6 dun dan hoi cia bé tong sau khi két thuc qua trinh thiy hoa (Pa);
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a la sb mii lity thura.
Do bén nén (oc) va d6 bén kéo (or) cia bé tong dugce xac dinh nhu sau:

o.(a) = 0,85 (*’T%)! (13)
5el@) = foee (F22) (14)

trong do:

fete 13 40 bén nén cua bé tong sau khi két thiic qué trinh thuy hoa;

¢ 1a tham sé vat liéu.

Xét mot khdi bé tong c6 kich thude 3m x 1m x 3m duoc bao xung quanh bgi khéi vat liéu dan hoi,
dang nhiét ¢6 kich thude 11m x Im x 11m nhu trén hinh 1. Cac thong s6 vat liéu bé tong nhu trong bang
1. Céc thdng s vat liéu dan hdi dang nhiét dugc cho trong bang 2.

rre

X

Hinh 1. M6 hinh bdi todn va cdc diém khao sét s thay doi nhiét dé

Bang 1. Cac tham sé ddc trung cia vat liéu bao quanh khai bé tong

TT Tham s6 Don vi Gia tri
1 | M6 dun dan hoi khdi, K MPa 1000
2 M6 dun truot, G MPa 700
3 | Nhiét dung riéng, Cy J/kg/K 0,2
4 | Hé s dan nhiét, k W/m/K 20
5 | Hé sb gian no nhiét, ox oc1 10
Bang 2. Cac tham sé ddc trung cua vat liéu bé tong
TT | Tham s6 Don vi Gia tri
1 | Lwong nhiét toa ra 16n nhat, Qcemax Jikg 10°
2 | Mat d6 xi mang, C Kg/m3 330
3 | Thamsé vat liéu, b -1,114
4 | Tham so vat liéu, t; S 7,2.10*
5 | Hang s6 khi, R J/mol 8,314
6 | Nang lugng hoat dong, Eaz J/mol 33,5
7 | Nang lugng hoat dong, dEa T kJ/mol/K 1,47
8 | Nhiét dung riéng, Cp1 J/kg/K 0,2
9 | Hé s6 dan nhiét, 11 W/m/K 2
10 | Hé sb gian no nhiét, oy oC-1 105
11 | Téc do thay héa tdi thiéu cia xi ming, o 0,2
12 | Mb dun dan hoi cia bé tong sau thuy hoa, Ege MPa 1000
13 | Tham sb vat liéu, ¢ 0,4
14 | Tham sb vat liéu, a 0,6
15 | Gid trj nho nhat cua (o - 00) 10*
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Sau khi xay dyng mé hinh, tién hanh chay chwong trinh véi qua trinh sinh nhiét va truyén nhiét trong
thoi gian 2 ngay.
FLAC3D 5.00

12012 tasca Consulting Group, Inc.

Step 54000
9/13/2018 6:20:41 AM

Contour Of Temperature
3.1574E+02
3.1500E+02
3.1400E+02
3.1300E+02
3.1200E+02
3 1M00E+02
3.1000E+02
3.0900E+02

| | 3.0800E+02
3.0700E+02
3.0600E+02
3.0500E+02
3.0400E+02
3.0300E+02
3.0200E+02
3.0100E+02
3.0000E+02

Hinh 2. Puong dong mire nhiét trong mé hinh (°K)

Hinh 2 cho thdy, trong qué trinh thiy héa, nhiét d6 I6n nhét sinh ra trong khdi bé tong, sau d6 truyén
sang khoi vat liéu bao bén ngoai. Nhiét do trong khoi bé tong tang 1én khoang 15°C so véi nhiét a6 moi
truong ban dau..

FLAC3D 5.00

12012 Itasca Consulting Group, Inc.

Step 54000
9/13/2018 6:25:39 AM

Contour of Max. Principal Stress
Calculated by: Volumetric Averaging
I 2.9382E-01

2.5000E-01
2.0000E-01
1.5000E-01
1.0000E-01
5.0000E-02
| | 0.0000E+00
-5.0000E-02
-1.0000E-01

-1.5000E-01
-2.0000E-01
-2 .5000E-01

-2.9805E-01

Hinh 3. Puong dong mirc thanh phan ¢ng sudt chinh do nhiét

So sénh hinh 2 véi hinh 3 cho thiy khi nhiét do trong khéi bé tong ting 1én do qua trinh thuy hoa s&
sinh ra c4c tng suit nhiét. Vi tri c6 nhiét 6 cang cao thi (ng suat ciing cang 16n. C6 thé quan st thay
trong mau vira xuat hién wng suat nén, vira xuat hién ng suit kéo. Day chinh 1a nguyén nhén cé thé gay
nut bé tong trong qua trinh déng cung.

Hinh 4 1a két qua sy thay doi nhiét do tai 5 vi tri khao sat khac nhau c6 toa d6 lan luot 12 1(1,0,5);
2(2,0,5); 3(3,0,5); 4(4,0,5) va 5(5,0,5) theo tudi cua bé téng.

Nhiét sinh ra do qua trinh thay héa ting nhanh trong khoang tir 10 dén 12 gio (thoi diém sau khi két
thdc qua trinh ninh két) va sau d6 giam dan (qué trinh két khéi va phat trién cuong do). Nhiét do lon nhét
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phét sinh trong khoi bé tong, sau d6 lan truyén ra khoi vat liéu bao xung quanh, cang xa khdi bé tong
nhiét ¢4 cang giam va ve gan voi gia tri nhiét d6 cia méi truong (300°K).

3354

FLAC3D 5.00 ]

122012 tasca Consulting Group, Inc. ]

3.50 4

Step 54000 ]
9/13/2018 6:08:43 AM

. 3.45 4

History

1 Temperature of gp 123 ]
2 Temperature of gp 125 3,40 4
—— 3 Temperature of gp 127 ]
4 Temperature of gp 129 ]
5 Temperature of gp 131 (5*3.35
vs. 9 h_te (FISH) -

~3304

Mhiét 46 (K
e
[
L
1

[

(=

=1
1

]

—

Lh
1

3_00-:—.—,.('.’._._,‘...,..‘.,....‘....,.‘..,...‘,...
0.20 0.40 0.60 080 1.00 1.20 1.40 1.60
Tuodi bé tong (s) x10°5
Hinh 4. Sy thay doi nhiét do cua 5 diém khao sét theo tudi bé téng

Hinh 5 biéu dién két qua sinh nhiét trong qué trinh thay héa theo tudi cua bé tong. Két qua cho thiy
lwong nhiét sinh ra ting dan cho dén khoang 10 dén 12 gio - 1a thoi diém két thic ninh két - va sau dé
giam dan tuong &g vGi qué trinh két ran va phét trién cudng do.
FLAC3D 5.00 | 15

122012 Itasca Consulting Group, Inc. 14 ]

Step 54000 ]
9/13/2013 6:19:18 AM 1.3

History

1.2-:

h_q (FISH)
vs. 9 h_te [FISH) e

T T T T T T T T
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Tudi bé téngs (s) x10"5

Hinh 5. Qué trinh sinh nhiét theo tudi bé téng

4. Két luan

Bai béo trinh bay anh huong ciia quéa trinh thuy hoa xi mang dén sy phét sinh nhiét va truyén nhiét
trong khéi bé tong. Nhiét sinh ra trong qua trinh thily hoa gay ra c4c wng suat nhiét trong khdi bé tdng va
c6 thé gay ra cac vét nat trong cau trdc bé tdng non tudi, gdy hu hong cong trinh. Sir dung chuong trinh
FLAC3D (phuong phép sai phan hitu han) ¢&¢ mé phong su phét sinh nhiét va truyén nhiét trong qué trinh
thily héa xi ming ciing nhu sy hinh thanh g suat nhiét gay hai cho chat lugng bé téng. Két qua cho thay
lugng nhiét sinh ra 16n nhét trong qua trinh ninh két bé tong, khi chuyén sang giai doan két khdi va phat
trién cuong do thi nhiét sinh ra giam dan. Cuong d¢ cua bé tong bat dau phat trién sau khoang thoi gian
18h, va phét trién tuong dbi nhanh sau do.

Tur két qua phan tich md phong c6 thé cho phép du bao, kiém soat lugng nhiét sinh ra va sy phan bé
cua ching trong két ciu bé tong. Bong thoi danh gia dugc mie dd nguy hiém cua cac thanh phan ung
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sut nhiét va bién dang nhiét. Tir d6 giup cho nguoi thiét ké c6 thé dua ra mot quy trinh thi cong, bao
dudng bé téng thich hgp dé dat dugc chat lwgng bé téng tét nhat theo thiét ké.
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ABSTRACT
A study on the hydration of Portland cement by using FLAC3D

Nguyen Van Manh!
! Hanoi University of Mining and Geology

The hydration of cement is an exothermic reaction. The analysis of temperature fields and thermal
stresses in concrete structures is highly significant for preventing concrete from cracking. This paper
presents the numerical solution (thermal model in FLAC3D program) for hydration process in the
concrete structures which includes heat hydration generation, heat propagation, hardening and strength
development of the concrete. Based on the numerical modeling, it can be predicted the development of
the temperature field and thermal stress in concrete structures at the first stage of curing duration, which
could be useful for the designers to propose appropriate solutions in preventing thermal cracks due to heat
of hydration of cement.
Keywords: concrete; hydration; heat generation; heat transfer
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E\R;S % HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru xac dinh cac thdng sb vat liéu va ting xur caa két cau
dua trén két qua do tai hién truong

Ding Vin Phi'”, Dinh Hai Nam?, Tang Vin Lam?
! Trirong Pai hoc Mo - Pja chadt
2National Research Moscow State University of Civil Engineering, d. 26, Yaroslavskoe Shosse, Moscow,
129337, Russian Federation.

TOM TAT

Trong qua trinh tinh toan va thiét ké két cau, viéc stir dung cic mé hinh don gian dé mé hinh héa &g xu
cua két cau 1a vo cing can thiét. Trén thyc té, cac cong trinh nha cao tang thuong sir dung mé hinh dam
chiu cat (lién tuc hoic roi rac) dé don gian hda viée xac dinh céc théng sé dong luc hoc: tan sb, bién do
dao dong. Trong bai bao nay, tac gia dé cap dén dam lién tuc chiu cit dé dai dién cho két cau cao tang.
Théng qua viéc nghién cieu ly thuyét dong huc hoc va xir ly sé liéu do thuc nghiém trén mot birc twdng dat
don gian, c6 thé xac dinh dwoc do tin cay cia mé hinh don gian ddng thoi wdc luong duge cac dic trung
vat ly thuc té cua vat liéu (khdi luong riéng, mé dun dan hoi).

Tir khéa: Thong s vat liéu; ang xir cua két ciu; do hién truong.

1. D3t van dé

Tinh toan két cdu 1a qua trinh xac dinh trang thai wng suat, bién dang, chu ky va tin sé giao dong, v.v.
cua tirng bo phan cho dén tirng cAu kién chiu lyc cua cong trinh dudi tac dung cua céc loai tai trong. Theo
(Lé Thanh Huén, 2007; Nguyén Dai Minh, 2010) d6i véi két cau nha cira hoic két cdu dang tuong chin
khi x4c dinh dic trung dong hoc cua cong trinh ta c6 thé gia thiét cac két cau nay lam viéc nhu mot thanh
consol c6 lién két mot dau ngam, mot dau tu do. Tir do, dua hé két ciu cua cong trinh vé dang mot bac tu
do hogc hé nhiéu bac tu do (tly thudc vao su phan bé khéi lugng caa hé doc theo chiéu dai cua két ciu)
dé khao sat.

Théng sb dong hoc (tan s6, dang dao dong riéng, v.v.) 1a mét trong céc thdng sé rat quan trong trong
viéc nghién ctu, tinh toan thiét ké khang chin cua cong trinh. Pé xac dinh duoc cac thdng sé nay, thdng
thuong nguoi ky su hién nay phai mé hinh toan bo cong trinh vao phan mém, sau d6 giai bai toan dao
dong riéng dé xac dinh duoc cac tan s dao dong riéng cua cong trinh. Khdi lugng tinh todn va su chinh
x4c phu thudc rat nhiéu vao quy mo cong trinh, sy chia nho cac phan tir va ca kha nang tinh todn cua may
tinh. Do6i khi cong viée ndy doi hoi rat nhiéu cong sic, tai nguyén va thoi gian.

Viéc str dung cac mé hinh don gian s& gidp cac ky su nim bét duoc tng xir tbng quat cua cong trinh,
qua d6 xac dinh duoc cac thong sb dong hoc caa cdng trinh, gilp cho viéc thiét ké so bo, diéu chinh két
cau mot cach nhanh va higu qua.

M5 hinh don gian pho bién nhat duoc sir dung hién nay 1a md hinh dam chiu cit (Ilen tuc hoac roi rac).
M6 hinh roi rac yéu cau giai quyet bai toan ma tran voi kich thudc phu thuge vao sb tang cua cong trinh.
Trong khi md hinh lién tuc c6 nhiéu wu diém: cac thong sé dau vao thong nhat cho toan bo chiéu cao két
cau (dua trén gia thiét vat liéu dong nhit, dang hudng), phuong trinh chuyén dong & dang vi phan bac 2,
két qua tan sé dao dong riéng don gian, pht hop vai cac loai két cau dang khung phd blen

Trong bai b4o nay, nhém tac gia trinh bay Iy thuyét dong hoc cua dam lién tuc chiu cit - md hinh dam
Timoshenko (Mehdi Modares va nnk, 2010), qua d6 xac dinh dugc méi lién hé giira cac thdng sb vt lisu
va thong sb dong hoc cuaa cong trinh. Nho su trg gitip cua thiét bi do dao dong hién truong, ta c6 thé xac
dinh dwoc tin sé dao dong riéng cua két cdu va qua do6 kiém nghiém lai cac thong sé dau vao cua bai toén.
Két qua c6 ¥ nghia thyc tién trong viéc tinh toan, kiém dinh cac cong trinh ¢6 diéu kién thi nghiém phirc
tap nhu cic cong trinh cai tao, sira chira va khoi phuc két cau; nhim muc dich danh gia duoc kha ning
chiu luc cua két cdu va tudi tho caa cong trinh.

2. Co st ly thuyét va phuong phap nghién ctiu

2.1. Pgng luc hoc ciza md hinh dam lién tuc chiu cat

*Tac gia lién h¢
Email: dangvanphi@khoaxaydung.edu.vn
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Tan s6 dao dong riéng thir n caa dam lién tuc chiu cit mot dau ngam, mot dau ty do Hinh 1

P(x,t)

Hinh 1. Dam lién tuc chiu luc phan b6 mot dau ngam, mot dau ty do.

Dé nghién ctu trang thai g Sut tai mot diém, ta tach riéng ra mot hinh hop kich thudc vo cling bé
(goi 12 phan td) bao quanh diém d6. Cac canh ctia phan té 1a v cing bé nén ta co thé coi phan td la diém
dang xét va (rng sut tren cac mat phan té dugc xem la ung Suét trén cac mat cit di qua dlem d6. biéu nay
hoan toan phu hop, vi néu cho kich thuéc cua phan té giam dén 0 thi phan té s& thu v& mot diém. Mait
khac, vi da thira nhan vat liéu ddng chat va dang hudng nén phan tb tach ra ¢ bat ky diém nao van co day
du tinh chét coa toan bo vat thé dan hoi. Khao sét trang thai (ng suat phang cua phan té (Hinh 2.) cua
dam chiu cit. Ung suat cat va lyuc cit lan lugt duge xac dinh theo cong thic (2) va (3) (Mehdi Modares va
nnk, 2010).

Plx.t)dx

Vixt)

mix) ﬁu{)f Y dx
Hinh 2. Trang thai #ng sudat phang cua phan to cia dam khi chju cat
Xét trang thai ung suat phing theo phuong ngang truc caa mot phan té vo cling bé c6 chiéu dai dx. Do
dam chi xét trang thai chiu cit nén ngoai luc cat cua hai tiét dién ¢ hai bén, phan té con chiu thém tai
trong ngang do ngoai luc va dong luc do chuyén vi ngang caa dam.
Khi ¢ trang thai can bang, ta c6:

Vixt [ D eV G +P Ge) dx -m{x]a_u{xﬂ a0 (1)

Trong do:
P(x.t) - tai trong phan bd tac dung 1én dam
m(x.) - khdi lugng trén mot don vi dai
V(x,t) - ing sudt ct tai tiét dién co toa do X (theo truc cuia dim).
u(x,t) - chuyén vi tai tiét dién co toa do x (theo truc cua dam).
t - thoi gian
X - toa do theo phuong ngang (theo truc ciia dam)
Ung suit cit dugc xac dinh theo cong thirc

V=G A, clu(x t)

Véi As 1a tiét dién ngang chiu ct h1¢u dung cia dam.
Tt phuong trinh (1) va (2) ta c6 phuong trinh vi phn cua chuyén dong la: Phuong trinh vi phén timg
phan lién hé gilra cac dai luong phu thudc vao khong gian va thoi gian

@

ﬂi(mﬁ %} PG om0 UG ©)
Truong hop dao dong tu do P(x,t) = 0, phwong trinh (3) tré thanh (4):
8 fulx.t) 6’u{x 1)
— (Gﬁi ) =m(x) 4
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Tear

Gia thiét dao dong c6 dang ham harmonic: u(x,#)=gix).e"™, trong d6 () 1a chuyén vi ngang cta dam, @

1a van tdc goc ctia dao dong. Phuong trinh (4) trd thanh:
5 dplx)
( A —)—m{x)m ofx) (5)
Str dung diéu kién bién ctia ddm mot dau ngam, mot dau tu do: @(0) = @'(L) = 0, ta xac dinh duoc
nghiém cua phuong trinh (5) cho ta két qua cua tan s6 goc va chu ky twong tng voi dao dong riéng thir n
ctia dam theo cong thirc (6) va (7).

—
n | GA,

oy=(2n-1)3 dImHJ (6)

[l [oa (7)
T4 | m

Trong do:
G=—— - module chiu cit:

2+
E - module dan hdi;
v - hé s6 poisson (hé s né ngang);
m - khi lugng riéng theo chiéu dai cua dam lién tuc;
H - chiéu cao dam.
Dua viao cac ddc trung hinh hoc, vat lidu ciia dim va cac phuong trinh tir (1) dén (7) xac dinh dugc tan
s6 dao dong cua dam va nguoc lai.

2.2. Qué trinh thi nghi¢m va phan tich mé phéng

Phuong phép do hién truong 14 mot trong cac phuong phap thi nghiém khdng pha hoai phé bién trén
thé gi¢i. Phuong phap dua trén nguyén 1y do chuyén vi cia mot diém theo thoi gian thyc. Chuyén vi cia
két cau c6 thé duoc sinh ra do ngoai lyc tac dong truc tiép hoac gian tiép thong qua cac vat trung gian.
Ngoai luc tac dong truc tiép lén két cdu thuong gay ra song dao dong dot ngot c6 kha ndng anh hudng
dén su 1am viéc cua két cau va kha nang do cua thiét bi. Nén trong thuc té, phuong phép do thong qua cdc
tac dong gian tiép (song dao dong truyén tir xe g, ngudi di lai xung quanh truyén qua dit dén két ciu
nghién ciru, gio, v.v.) thuong duoc sir dung nhiéu hon.

Trong nghién ctru nay, ddi tuong d6 1a mot Tudng dat xay trén khéi bé tong voi gia thiét mot dau
ngam & dudi va dau trén tu do, dit dwoc dap, dim theo ting 16p do d6 c6 thé coi la cd chuyén vi ngang,
phing trong qua trinh dao dong, tudng dwoc gia thiét 1a tuong lién tuc (Hinh 3a).

Thiét bi do 1a sensor Tromino ¢6 kha ning do chuyén vi va van téc theo thoi gian thuc véi do chinh
Xé&c cao. B4 tri 3 sensor trén dinh va 1 sensor dudi dé bétong.

Str dung sensor Tromino (Hinh 3b) dé do chuyén vi va van téc theo thoi gian thuc. Cac vi tri dat diém
do 1an luot 12 70, 71, 75 va 76.

b)

Hinh 3. a -M6 hinh thi nghiém nong dat, b - Thiét bi sensor Tromino (Manual Tromino 3G, 2017)
Phuong phap do (Ambient noise): Khong tac dong truc tiép vao mau do ma st dung cac sensor do
chuyén vi cua tudng tai vi tri do dudi cac tic dong bén ngodi (tai trong do ngudi di lai, xe co di lai ¢ xa
tao ra song dao dong truyén qua dét téi twong, tai trong gio, tai trong dong dat, v.v.) nhimng tac dong nay
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khéng truc tiép va co gid tri rat nho. Két qua do duoc thé hién trén Hinh 4 va Hinh 5.

Két qua do dwoc thé hién dua trén bién ddi cua van téc dau do theo thoi gian. St dung bién ddi
Fourrier, ta c6 thé xac dinh dugc gié tri bién do theo tan sé.
3. Két qua va thao luan

X ly s6 ligu: Sb lidu do theo thoi gian dugc bién doi Fourrier cong thic (8) thanh tin higu theo tan so:

f(t)=F" (F) (t)= —f Fla)e!™ da (8

Tir biéu d6 theo tan s6 6 thé xac dinh duge cac diém ma tai d6 bién do cua sé licu ting vot, tirc 1a xay
ra cong huong do tring véi tan sé dao dong riéng cua cong trinh. Tir d6, ta xac dinh dugc gid tri tan sb
dao dong riéng cua cong trinh. Van toc chuyén vi theo phuong Bic Nam (NS) cua cac diém do dugc thé
hién qua Hinh 4, bién d6i Fourier cua cac so liéu do theo phuong NS va phuong Dong Tay (EW) két qua
cho thay céc dinh (pick) cta bién do ung véi cac tan s6 cua cac dang dao dong trén Hinh 4 va Hinh 5.

Quan sat d6 thi & Hinh 4 ta c6 thé thiy rd sy twong dong cta do thi sensor 71, 75 va 76 dit trén dinh
cua tuong, diéu d6 thé hién su théng nhat vé két qua phan tich. Sy khac biét cua sensor 70 so véi cac
sensor khac 1 do vi tri sensor 70 dat dudi nén va chiu tac dong 16n cua tuong tac gitra két cau tuong va
nén dét, day chinh 1a tic dong bén ngodi gay ra cac chuyén vi do duoc tai vi tri trén dinh cua tudng dat.

Duya Vvao sy xuét hién ciia cac dinh bién do trén cac sensor theo cac phuong khac nhau, ta c6 thé dinh
hinh dugc c4c dang dao dong. Tir d6 xac dinh dwoc gia tri tan s6 dao dong riéng cua cong trinh. Két qua
dugc thé hién trong cac bang tir Bang I dén Bdng 4.

Bang 1. Tan sé dao déng Ciia twong ddt theo cic phirong

Mode Phuong NS Phuong Xoan Phuong EW
(Hz) (Hz) (H2)
1 3,867 11 14,437
2 21,765 33,73
Sensor 7ENS Sensor T1INS
3
10 .. |‘; ........................ T T
| \
- .3 BET . ,l
PRl 110 e g 1" JI|
% Foh ? ‘ J'.I'Iﬂll % b 11 )
< 10° 1y 1# 1! Y < 0° H‘ I /| .'”
S AN IR ISV VAR
10° : : 10° : ' -
0 10 20 30 40 0 10 20 30 40
Frequency (Hz) Frequency (Hz)
Sensor TSNS Sensor TONS
10-3 - | ........................ 1|:| =1 T
f
e n
l-; 1.;]“ ‘] 1 ...... e L; 1[)"‘ J‘ .........................
E | I E . 4
=1 ‘ ] J = | * m ] | )‘. ",
E o E ¥ | 1 Ll
< 10° M"ﬁrﬁw R %%ﬁf*u’n\h J’f ............
.‘ﬂ'
10° : : 10° : - :
0 10 20 30 40 0 10 20 30 40
Frequency (Hz) Frequency (Hz)

Hinh 4. Bién d¢-tan s6 dao dng cia twong dat twong vmg Vi cac diém do
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 Hinh 5. Bién dé-tan toc-thoi gian cia twong dat twong vmg Véi cdc diém do
St dung két qua do duoc theo cac phuong va cic phuong trinh tir (1) dén (7), ta xac dinh dugc cac
thong so vat liéu cua twong: Module dan hoi E=498 MPa, khoi lugng riéng =1890 Kg/m?, hé so poisson
v=0,22.
Dé kiém nghiém lai gia tri tinh todn bang phuong phap do thuc té tai hién truong, ta mo hinh sé tuong
dat bang phan mém COMSOL. Két qua dugc thé hién trén Hinh 6.

B4
n 0502

f, = 3,695 (Hz) f,= 3,695 (Hz) f= 14,437 (Hz)
Hinh 6. Dang dao déng Mode 1, Mode 2 va Mode 3 ciia furong
Bang 2. Két qud tan so theo gidi tich, md hinh sé va mé hinh thuc ciia tuwong theo phwong NS.

Mode Tan sb theo phuong NS
Két qua do dwoc Két qua tinh toan theo giai tich K&t qua tinh toan theo M6 hinh sb
bang thiét bi Tromino
fi fi Chénh léch fi Chénh léch
(Hz) (Hz) (%) (Hz) (%)
1 3,867 3,695 3,63 3,732 2,65
2 21,765 21,734 0,14 21,49 1,26
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Bang 3. Két qua tan sé theo gidi tich, md hinh sé va mé hinh thyc ciia tuwong theo phwong Xodn

Mode Tan s theo phuong Xoin

Két qua do duoc Két qua tinh toan theo giai tich Két qua tinh toan theo M6 hinh s
bang thiét bi Tromino
fi fi Chénh léch fi Chénh léch
(Hz) (Hz) (%) (Hz) (%)
1 11 9,447 11,71 11,49 7,38
2 33,73 28,342 15,98 36,458 8,09

Bang 4. Két qua tan sé theo giai tich, md hinh s va md hinh thuc ciia tiong theo phirong EW

Mode Tan s6 theo phuong EW
Két qua do duogc Keét qua tinh toén theo giai tich Két qua tinh toan theo M6 hinh s6
trén mo hinh thuc
fi fi Chénh léch fi Chénh léch
(Hz) (Hz) (%) (Hz) (%)
1 14,4 14,437 0,09 14,023 2,96

4. Két luan

Khao sat mét birc tedng bang dat duoc xay trén bé bé tong, sir dung bén thiét bi do (ba vi tri dat trén
dinh va mot vi tri dt du6i bé bé tong). Xur 1y bién doi Fourier cho céc két qua do ta xéac dinh dugc tan s
tai mdi diém do tuwong tng. Tir d6, xac dinh dugc tan sé dao ~dong riéng cua tuong ung Vi cac phuong
khac nhau; d6i v6i phuong NS va EW thi sai s6 d6i véi tan s6 nho hon 5%; ddi véi phuong Xoan thi sai
s6 nho nhat 1a 7,38% va 16n nhat 1a 15,98%. St dung ly thuyét mé hinh dam Timoshenko, ta xac dinh
dugc thdng s6 vat lidu cua két cau voi module dan hoi E=498 MPa, khi lugng riéng =1890 Kg/md, hé
s6 poisson ¥=0,22.

Tur két qua nghién ctru cho thay trong thuc té tinh todn, khao sat va phan tich cong trinh, ta hoan toan
c6 thé xac dinh dwoc cac thong sé dic trung vat lidu cua két cdu dya vao céc gié tri chu ky va tan sé cua
cong trinh thdng qua két qua do ngoai hién truong.
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ABSTRACT
The study determined the parameters of material and behavior of

structures based on field measurement results
Phi Van Dang®", Dinh Hai Nam?, Tang Van Lam?
'Hanoi University of Mining and Geology, 18 Vien Quarter, Duc Thang Ward, Bac Tu Liem District,
Ha Noi, Vietnam.
2National Research Moscow State University of Civil Engineering, d. 26, Yaroslavskoe Shosse, Moscow,
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Abstract: In calculating the design process and structure, it is necessary to use simple models to model
the behavior of structures. In fact, high rise buildings often use shear (continuous or discrete) beam
models to simplify the determination of dynamic parameters: frequency, amplitude, and vibration. In this
paper, the author refers to continuous shear beams to represent the high-rise structure. Through the study
of dynamics and process data measured experimentally on a wall of earth simple, can determine the
reliability of the simplified model and estimate the physical characteristics make of material fact (material
density, modulus of elasticity).
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ERS E ; HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Mo hinh luéi Thuy-Co danh gia d6 tham caa bé tdng cét thép
Pham Btic Tho'*, Bui Anh Thing?
Trieong Dai hoc Mo-Dia chat

TOM TAT

Du bao d6 tham cua bé téng cdt thép khi chiu tc dung cua tai trong c6 vai trd quan trong trong viéc danh
gia do bén cua két cu, dac biét khi két cau nay chiu tai trong lon. M6 hinh luéi roi rac (lattice model) dé
Xuét cho phép md phong tét sy hinh thanh va phat trién céc vi khe nit, tinh chat khong dong nhat ciing
nhu anh huéng cua hé s6 pha huy dén sy van chuyén nuéc trong bé téng. Trong khudn khé bai béo nay,
tac gia s dung mé hinh luéi dé mé phong anh huong cua vi khe niit dén do tham cua cau kién bé tong
cot thép khi chiu kéo.

Mo hinh ludi dua trén da gidc Voronoi va tam giac Delaunay dé mo phong lan lugt sy van chuyén nudc
va tng Xt co hoc cua bé tong. Trong md hinh nay, bé tong dugc xem 1a bdo hoa nudc va bé qua anh
huong cuaa hién twong mao dan. M6 hinh co hoc dé mé phong ng xir co hoc 14 mé hinh co hoc pha hay
Mazars va sy tang d6 thim cua bé téng 1a 1 ham lap phuong cua do mé rong vét nit.

M6 hinh Thiy-Co dé xuat da ching minh 1a 1 ¢ong cu hitu hiéu cho phép danh gia tinh tham cua vat liéu
khong ddng nhat & giai doan tién phé huy.

Tir khda: M6 hinh ludi; do thim; co hoc phé huy; tng xtr Thuy-Co

1. Pit véan dé

Do tham 1a tinh chat dic trung cua vat lidu réng (bé tong, da.. .) cho kha nang chat long chay qua
khong gian rong, dusi anh huong cua chénh léch ap lyc nuée hode df 4 am tuong d6i. Do tham cua bé téng
c6 mdi quan h¢ chat che véi tudi tho cuia n6 (46 tham cang l6n, tudi tho cang Ion).

Do tham ciia bé tdng chiu anh huong caa nhiéu thong sb dic trung ciia méi trudng réng nhu: do rong,
su phirc tap, su két ndi cua hé théng 16 rong hay vi vét nit. Thong s6 nay ciing rat quan trong trong viéc
xéc dinh kha ning truyén chit trong bé tong (ion clo ddi vai bé tong trong méi trudng bién). Khi tng sut
trong bé tong vuot qua tng suat cho phép, nit xuat hién va phat trién trong bé tong, hé thong nat nay sé
lien két v&i nhau va lién két voi hé thdng 15 réng, d& dang cho chit long di chuyén, cang nhiéu vét nut, do
thim cang ting. Phu thugc va cudng do ciing nhu ban chat cua tai trong ma do tham cua bé tong c6 thé
tang hoac giam.

Viéc xac dinh do tham trong cau kién bé tong khi chiu tai 1a chu dé duoc gisi nghién ciu khoa hoc vé
xay dung rat quan tam, dac biét trong cong tac danh gid, du bao tinh 6n dinh va bén viing cua céc cong
trinh xay dung. Nut xuét hién trong bén téng s& dan dén giam khi ning mang tai, ting d6 tham.. .Trong
truong hop két cau ké tong trong moi truong co tinh xam thuc nhu moi truong bién, bé tong c6 d6 thim
I6n c6 thé dan dén tang toc d6 gi cua cot thép dan dén phé hay két ciu.

Nhiéu nghién ciu thuc nghiém chi ra méi quan hé giita d6 mé rong vét nit va do thim cua bé téng
(Desmettre and Charron, 2011; Gérard et al., 1996; Gilles Pijaudier-Cabot et al., 2009). Trong nhirng thi
nghiém nay, d6 tham duoc do & mdi cap tai trong hodc do mé rong vét nit khac nhau, két qua ciing chi ra
rang, khi tmg suit trong bé tdng con nho va trung binh, do tham cia bé tong ting cham, sau do ting
nhanh khi tai trong tac dung gan vai tai trong gay pha huy. R& rang do thim cua bé tong phu thudc vao su
hinh thanh va phat trién nut cua bé tong.

Mot s6 mé hinh toan duge d& xuit du béo sy thay doi do tham cua két cau khi chiu tai trong, hau hét
cac mo hinh nay dua trén ly thuyét co hoc méi trudng rong cua Biot (Coussy O, 1995), trong d6 twong tic
giita co hoc va thily hoc duoc xem xét thdng qua hé sb biot. Phuong phép tiép can nay sau dé tré nén phd
bién trong nghién cuu tinh bén ving va dugc phét trién cho co hoc phé hiy, mé phong st dung phuwong
phap phan tir hiru han (Benoit Bary et al., 2000; Chatzigeorgiou et al., 2005). Tuy nhién, viéc md phong
s6 sy phét trién cua vét nut trong phuong phap phan tir hiru han truyén théng gap nhiéu khé khin khi xem
xét tinh chat khong dong nhat, khéng 6n dinh do két qua phu thuge vao kich thudc phan tir va tinh cuc bo
ctia vét nut ¢6 thé dan dén tinh khong hoi tu cua thuat toan (ing suat & day vét nut tién dén vo cing).

* Téac gia lién h¢:. Email: Phamductho@humg.edu.vn

*Tac gia lién h¢
Email: phamductho@humg.edu.vn
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Mé hinh luéi lattice duoc xem 1a cdng cu hiéu qua trong viéc md phong su hinh thanh va phét trién nut
cua vat liéu bé téng ((Bolander Jr. and Saito, 1998; Grassl, 2009; Jan Kozicki and Jacek Tejchman, n.d.;
Schlangen and Mier, 1992). Trong mé hinh nay vat liéu nghién ciru duoc roi rac hoa thanh cac phan tir
dang dam (truyén luc phap tuyén, luc cit va md men udn) hoic dang thanh (chi truyén luc phap tuyén)
dya trén so d6 Voronoi (Voronoi, 1908). Bé dam tinh khong dong nhat, cac tinh chat co hoc (M6 dun dan
hoi E, cuong do chiu kéo ft, nén fc, ning lwong pha hiy Gf...) dugc dua vao 1 cach ngiu nhién. Qua
trinh phét trién nut dugc md phdng bang cach giam céc tinh chat co hoc hoic loai bo cac phan tir khi tng
Suét trong cac phan tir nay vuot qua kha nang chiu luc.

Trong bai béo nay, tac gia nghién ctiu sy thay d6i do tham cua két ciu bé tong cdt thép chiu kéo bang
moé hinh 2D tng suat phang. Két qua méd phong dugc so séanh véi két qua thi nghiém do dugc boi
(Desmettre and Charron, 2011).

2. Co s ly thuyét va phwong phap nghién ctru

M@ hinh ludi thiy-co dugc md phong bai 2 hé théng cac canh tam giac Delaunay va so dd Voronoi
(Voronoi, 1908). Hé thdng cac phan tir truyén nudc duoc dat trén cac canh cua so do Voronoi trong khi
d6 céc phan tir co hoc roi rac ha thanh céc phan tir dang dam (truyén luc phap tuyén, hrc cit va mé men
uén) hoic dang thanh (chi truyén lrc doc) duoc dit trén cac canh tam giac Delaunay (Hinh 1a).

2.1. M6 hinh lwéi co hoc

Céc phan tir co hoc duogc dit trén trén cac canh cua da gidc Voronoi co chiéu dai |. Mdi diém c6 3 bac
ty do, gdm c6 hai chuyén vi u va v, va géc xoay ¢. Nhiing chuyén vi va géc quay nay cho phép xac dinh
budc nhay tai trung diém C ciia phan tir mat cat ngang trung tuyén (Hinh 3)

V,
/ =" C [}%\\ ¢c
2 \ R
\ A ec‘ Ug v
; . 4 \‘(I)l ‘ % \\¢2
Y - ( /l N
37 C \ 1 Uy h u; 2
| /' / ! € |
—if v | |
/ — hy h,
[ 3 l, 4
\ \
a) b)

~ Hinh 1. a) So'd6 Voronoi va Tam gic Delaunay, b) Phan tii co hoc
Tai trung diém C cua mat cat ngang, chuyén vi khdng lién tuc dugc xac dinh nhu sau:

u, = Bu, 1)
Trong d6:
T . T
ue:{ulivl’¢1'u2’\/2’¢2 } ’uc:{uc’vc’¢c' } (2)
—-c0sa —-Sina —-e& cosa Sina e
B=| sina -cosa —-h/2 cosa sina —h/2 (3)

0 0 NI/TA 0 0 —VI/A

h - 1a chiéu dai cua phan tu,

e - 1a do léch tam.

Dién tich mat ct ngang duoc xac dinh boi A=1xt, | la chiéu dai cua mat cét giira, t 1a chiéu day
ngoai mat phiang moé phong, va | 1a mé men quan tinh | =1%/12.

Chuyén vi U, duoc thay thé bang bién dange =u, /h=(¢,,&,,¢,), ¢ day h 1a chiéu dai cia phan tu

ludi. Ma tran d6 cieng cua phan tir ludi duoc xac dinh boi:

K:%BTDEB 4)

Vi De - 12 ma tran do cimg dan hoi.

Trong trudng hop mé hinh pha huy dang huéng, méi quan hé giira bién dang va ung suat duoc xac
dinh bai [Grassl, 2009]. Sy phét trién cua phé hiy dwoc kiém soét bai duong biéu din wng suit- do mo
rong vét nat, chinh vi vay ma tng xir co hoc khong phu thudc vao chiéu dai caa phan ti luéi lattice. Méi
quan hé giira tng suat va bién dang dugc biéu dién nhu sau:

c=(1-w)D,e=(1-w)c (5)
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O day o la hé s6 phé huay, 5::@ﬁ,5ya;)TvérnaUéndéc&ngdénhéiDeduqcxécdhﬂlnhusaw

E 0 0
D,=|0 yE © (6)
0 0 E

Trong d6 E va y la cac thong s6 caa mo hinh, kiém soat mé dun Young va hé sé Poisson cua vat ligu
Trong truong hgp (ng suat phang, va ludi lattice déu, hé s6 Poisson v dugc xac dinh nhu sau:

1-y
y=""t 7
3+y Y
Bién phé hay cua vat lisu @ 1a ham sé cua bién lich sir k°, dugc xac dinh bai ham tai trong:
flex)=e,(e)—x ()]
Bién dang twong dwong eeq duoc xac dinh:

2.2
Q4&¢Q=;%Q—Q+J§%@—n+%y+°2% ©)
Trong d6 &, ¢ va g |a nhiing thdng s6 cia md hinh, nhiing thong s6 nay lién quan tryc tiép dén cuong
d6 va do cting cua cac phan ti luéi. Theo (Grassl and Jirasek, 2010), bién dang twong duong chi phu
thudc vao hai thanh phan bién dang phéap tuyén va bién dang truot &, and & .

Trudng hop chiu kéo thuan tay:

fi=Eé& (10)
Puong cong giam yéu ng sut-bién dang, trong truong hop kéo thuan tay:
a)cn
o, = fiep(-—") (11)
2
o]
fa
—fe fi On >

»>
we Wen

Hinh 2. (@) Puong bao elip ing sudt b) Puwong cong ing suat-dé mo réng vét niit
Truong hop cat thuan tay:

(12)
Trudng hop nén thuan tay:

(13)
2.2. M6 hinh lwéi thiy hoc ) . .

Phan tir dung dé md phong chat long chay trong bé tong dwoc mo phong la phan tir nam doc trén cac
da giac Voronoi. Phuong trinh miéu ta chay cua chat long, trong truong hop 1 chiéu, doi vai moi phan tu
duoc xac dinh nhu sau :

o, P, +Ce%= f
ot

Trong do a, hésddan, , _h (1 1} ¢ :ﬂc 2 1
A T W R | 121 2
Ap suit mao dan P, phu thude vao do bo hoa.

(14)

c

Dung lugng ¢ = —p ==, trong d6 0 1a lugng nude, duoc tinh tr md hinh Vogel [Vogel et al, 2000]:
oP,
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0=S,(6,-6,)+6,

Trong d6 6, 1a luong nude khi bdo hoa nude, twong ng véi truong hop S, =1, 6, 1a lugng nudc
thuong xuyén trong bé tong.

Dé mo phong s6, ta xem do tham cua bé téng bao gdm 2 thanh phan, thanh phan cua bé tong ban dau
(khi chwa hinh thanh nit, nguy@n trang) va thanh phan ting thém do niit (gy ra bai tai trong, nhiét do, co
ngot...).

k =k, +Kk.(h) (15)

Trong d6 K, 1a d¢ thdm ciia vat liu khi chua bi pha hay, va K (h) 1a @6 thim ting thém do qua trinh
hinh thanh va phat trién nut (phu thuge vao do ma rong vét nut).

Trong truong hop ta tinh dén tinh khic khuyu cua khe nat, k (h) = éf . Bo tham cua bé tong khi d6

duoc viét lai nhu sau :
~3

(16)

Trong &6 & tinh khtic khuyu ctia khe nat, @, 1a d6 mé rong vét nit trong duong.
2.3. Chia Iwéi va diéu kign bién

Thi nghiém su thay dbi do thim theo tai trong thi nghiém kéo thép (Desmettre and Charron, 2011)
duoc m6 phong biang bai todn 2D tng suit phing véi cac diéu kién trong dwong. Chidu cao cua mau 1a
610 mm va chiéu rong 1a 90 mm twong tu nhu thi nghiém. Chiéu rong cua thanh thép mo phong dugc
chon twong tw nhu duong kinh cua thanh thép trong thi nghiém ¢ = 11.3 mm, tuy nhién d€ dam bao cung
dién tich thép, chicu day 2 dau thép I6n hon chieu day thép trong bé tong. Hinh hoc va céc dieu ki¢n bién
dugc gidi thiéu trong Hinh 3. Thanh thép trong bé tong dugc kéo vai toc do 0.05mm/phat dén khi chuyén
vi dat dugc A =1mm. Bang 1 dua ra cic thong s6 ciia md hinh co hoc va thity hoc duoc sir dung dé md
phong. ) ) )

Bdng 1. Cac théng so cia md hinh dung cho phén tich su thay doi dé tham

Céc théng so6 Thuyc nghiém M&é phong
(Desmettre and Charron, 2011)

E (MPa) 32 34

fi(MPa) 2.8 3.0
C -- 10
q - 2
¥ - 0.33
Gt - 50 N/m
Kini 2.100 m/s 2.100 m/s
b - 0.6

L=90mm

610 mm

0=0 ..
¢ thép = 11.3 mm

Hinh 3. Hinh hoc, chia ludi va diéu kién bién
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3. Két qua, phan tich két qua, thao luan

Két qua md phong str dung duoc so sanh Vi két qua thuc nghiém duoc thuc hién boi (Desmettre and
Charron, 2011). Méi quan hé gitra luc va chuyén vi duoc biéu dién trong Hinh 4a. Md phong c6 thé cho
ra 3 buéc nhay twong g véi tai trong 29 kN, 29.3 kN va 29.8kN, cac budc nhay niy twong ang véi moi
vét nat dugc hinh thanh. So sanh véi thuc nghiém cho thiy mé hinh ludi c6 kha ning mé phong tbt ung
xtr co hoc cua cu kién bé tong chiu kéo thép.

50

40 +

z
==, —
o 30 Z
1 o~
e~ o
2] 831
=. L
320 -‘j
I A& ]
10 '
M6 phong » Mo phong
o lhuf nghiém (‘I )cxmcllrc.nml Charron, 2011 -
0 0.2 04 0.6 0.8 1 1.2

0 0.})5 0 1 0.I15 0‘.2 0.‘25 0l.3 0.l35 04
Do mo rong vét nut [mm]
a) b)
Hinh 4. a) Tdi trong — chuyén vj; b) Tdi trong — dg mo rong vét nirt

D6 mé rong vét nit duoc tinh thong qua chuyén vi tuong di cua 2 dau khe nit, 6 mé rong nay phu
thuoc vao tai trong tac dung va dwoc thé hién trong Hinh 4b. Két qua md phong ciing dua ra dwoc su phu
thuoc cua do ma rong vét nit theo tai trong tac dung.

Cuébi cung, Hinh 5 gigi thiéu duong cong d6 tham va ing suat trong cdt thép. C6 thé quan sét thdy, khi
g suét con bé, tir 50 — 100 MPa, do thim tang nhé, trong wng véi su hinh thanh vi vét nit, sau dé ng
suét tang tir 100 dén 150 MPa, d¢ thAm ting nhanh twong (ng véi su lan truyén nirt va xuat hién cac vét
nit 16n. Giai doan con lai, vat liéu gan nhu bi phéa huy, cac vét nut 16n xuat hién khap noi, trong giai doan
nay d6 tham tiép tuc ting nhé. M6 hinh ludi cho két qua tét ca 3 giai doan phét trién ciia do thim, diéu do6
cang khang dinh tinh dung dan ciia mé hinh va la céng cu manh trong viéc du béo tinh bén viing cua cau
kién bé tong cbt thép.

Chuyén vi [mm]

0.0001

le-05 |

le-06 |

le-07

le-08

Hé s6 tham [m/s]

le-09

Mo phong —

- . Thuc nghiém ——
50 100 150 200 250 300 350
Ung suit trong c6t thép [MPa]
Hinh 5. P¢ thdm — Tdi trong

le-10

4. Két luan

Trong bai bao, cAc tac gia di phat trién phuong phap md hinh lugi Thiy-co d& mé phong thi nghiém
xac dinh d¢ tham cua két cau bé tong ct thép khi chiu kéo. M6 hinh ludi Thay-co dugc hop thanh boi
cac phan tir roi rac d& dang mo phong su hinh thanh va phaét trién vét nat; tir d6 c¢6 thé xac dinh dugce do
thAm cua bé tong. Két qua mo phong theo phuong phap trén day cho thay:

- Trong qua trinh kéo thép trong két cau, md hinh c6 thé cho ra dwoc 3 budc nhay, tuong (g Véi sy
Xuét hién cua 3 vét nut;

- Mo hinh da d¢ xuat md phong tét 3 giai doan ciia qué trinh hinh thanh va phat trién vét nit, tir do
xac dinh 3 giai doan phat trién cua do tham;
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- Quan h¢ gitra h¢ s6 tham va do mé rong vét nit duoc din ta boi mot ham bac 3 va cho thay su
phu hop véi két qua thuc nghiém theo mod phong trén day.

Mo hinh ludi Thuy-Co cho két qua gan sat véi két qua thi nghiém, ching to tinh ding din cua md hinh
nay. Day 1a co s¢ xay dung cong cu sd hiru hiéu trong viéc du bao tudi tho cua cong trinh bé tong cét
thép.
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ABSTRACT

Hydro-Mechanical coupling for the predicting of Permeability of
Reinforced Concrete

Pham Duc Tho*”*, Bui Anh Thang?
! Hanoi University of Mining and Geology

Predicting the permeability of reinforced concrete is paramount for guaranteeing the desired lifetime of
concrete structures. The aim of this work is to model the effect of micro-cracking on the permeability of
reinforced concrete members under tension by a lattice model which considers hydro-damage couplings.
The hydro-damage lattice model is based on a dual element network modeling the water transport and the
mechanical response, respectively. The evolution of permeability is chosen to be proportional to the cube
of the crack width. The experimental results on the tension stiffening behavior of reinforced concrete
concrete is then modeled under saturated conditions. The hydro-damage lattice model has shown to be a
simplified and powerful tool for assessing the crack widths and their effect on the permeability, which is
key for guaranteeing the desired structural lifetime.

Keyword: lattice model, permeability, fracture mechanic, coupling hydro-mechnical
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Application of controlled low strength materials (CLSM) in highway
construction: experimental and numerical analysis
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2 Chonnam National University, Yeosu, South Korea.
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ABSTRACT

The aim of this study is to evaluate the feasibility of controlled low strength material (CLSM) production using
byproducts (e.g., ponded ash and mine tailings) for highway construction applications (e.g., backfill, utility bedding,
void fill) by experimental and numerical analysis. In the experimental program, ponded ash and mine tailings were
employed as filler and fine aggregates, respectively, to produce CLSM. The flowability and density of fresh CLSM
mixtures were measured first; afterward, they were tested for settlement and compressive strength. As a result, the
high-workable CLSM incorporating ponded ash and mine tailings satisfied the specifications of ACI 229R. In
addition, the positive effects of ponded ash and mine tailings on strength and stability (settlement) of the proposed
CLSM mixtures, respectively, were observed. Finally, based on the results from the numerical analysis, the mixtures
in the experimental program were back-analyzed to propose the final proportions of CLSM that can be used as
backfill material in highway road.

Keywords: CLSM, highway construction, experimental and numerical analysis

1. Introduction

Controlled Low Strength Material (CLSM) has been successfully applied in numerous fields of
highway constructions such as backfill, utility bedding, void fill, and bridge approaches (Do et al., 2017,
NCHRP Report 597, 2008). CLSM is defined as a self-compacting, cementitious material mainly utilized
as a replacement for compacted soil (ACI 229R, 1999). Owing to the characteristics of self-leveling and
self-compacting, utilization of CLSM can have the benefit from labor as well as equipment. In addition,
various industrial byproducts can be used as components in the production of CLSM. This advantage can
significantly contribute to the sustainable development due to a reduction of the demand on landfills
(Razak et al., 2009; Do et al., 2016). If future excavation is anticipated, the maximum long-term
compressive strength should generally be less than 2.1 MPa (i.e., general fill) (ACI229R, 1999; Do et al.,
2015; Kim et al., 2016a). As reported by NCHRP Report 597 (2008), many studies have been performed
with the objective of CLSM used as a backfill (Brewer, 1992; Sullivan, 1997), utility and pipe bedding
(Adaskaand Krell, 1992), void fill (Gray et al., 1998; Hook and Clem,1998), and bridge approach
applications (Snethen and Benson,1998) in highway construction. Other applications include using CLSM
for structural fill (ACI Committee, 229 1999; Clem et al.,1995; Buss, 1989), and soil stabilization (Green
et al., 1998).

In general, CLSM mixtures consist of standard materials such as Portland cement, fly ash, fine
aggregate, and water. However, other recycled materials are also accepted and encouraged as long as they
are available, cost-effective, and have the required characteristics of the mixture such as flowability,
strength, excavatability, and density (ACI 229R, 1999). The ponded ash, a coal ash deposed to a pond,
mixed by bottom ash and fly ash together and transported in the form of a slurry and stored in lagoons.
The volume of ponded ash produced by thermal power plants is very large compared to fly ash and
bottom ash. The disposal of these wastes will be a big challenge in the near future for Korea to decrease
the harmful environmental effects (e.g., generation of respirable particulate matter and pollution of soil
and water due to leaching of heavy metals).

*Tac gid lién h¢
Email: domanhtan@khoaxaydung.edu.vn
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While the mine tailings, mineral residues after extracting the target elements from ores, were also
prevented to be applied in structural concrete because of their particle size (Thomas et al., 2013). Since
the mine tailings, in general, having similar particle size gradation with cement tended to block the
interconnection of hydration products, this led the decrease in strength of the concrete (Choi et al., 2009).
However, for the case of CLSM, since the required performance was not so much high, it could be,
therefore, utilized without difficulties.

The main purpose of this study is to evaluate the feasibility of the proposed CSLM made with ponded
ash and mine tailings for its utilization target in highway construction applications (e.g., backfill, utility
bedding, and void fill) throughout both experimental and numerical analysis.

2. Experimental program
2.1. Materials and proportions

In this study, ponded ash originating from a thermal power plant in Jeolla Province (South Korea) was
used as a fine aggregate in the production of CLSM. For an experimental program, ponded ash was first
dried in an oven at the temperature of 105°C until constant weight was attained and then passed through a
4.75-mm size sieve to eliminate unnecessary large particles and approach the particle size of natural fine
aggregates. The physical properties of ponded ash are specific gravity (2.15), water absorption (4.65%),
and fineness modulus (3.48). The particle size distribution curve of ponded ash is shown in Fig. 1.
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Fig. 1 Particle size of particles of ponded ash compared with natural sand

The mine tailings were collected from a tailing dam of Sun-shin mining site, a gold mine located at
Jollanamdo province of South Korea. Due to crystals of biotite and muscovite, which tend to be broken
into thin plates, the particle of the tailings has a platelet shape. The particle size of the tailings was smaller
than that of cement. In the CLSM production, mine tailings and ponded ash were employed as filler and
fine aggregates, respectively. Finally, Ordinary Type | Portland cement conforming to ASTM C150 was
employed.

For the experimental program, in order to reach the desirable flowability (210 + 10 mm), the ratios of
water to cement (w/c) and water to solid (w/s) were controlled to range from 4.55 to 5.95 and 0.32 to
0.44, respectively. The weight ration of mine tailings was kept the same as 1.0 for every mix code. All
mixtures were tested for flowability, fresh density, settlement, and unconfined compressive strength. In
this study, a 150 x 75 mm cylinder mold was prepared for flowability test (ACI 229R, 1999). At first, the
mold was lifted up vertically and slowly after being filled with CLSM and then the diameters of spread
were measured. For compressive strength tests, 55 x 110 mm cylindrical specimens were molded in
cylinder molds before they were de-molded and soaked into the water until the certain curing ages of 7
days, 28 days and 91 days (ASTM D4832).
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2.2 Experimental results and discussion

As can be seen from Fig. 2, the settlement values in this study were very low as that was lower than 1.0
% except for mixture Mix6. Although the settlement was increased by using ponded ash as a substitute of
natural sand, the changed range was insignificant. Only Mix6 series showed relatively higher settlements
compared with other series. However, these settlements still conformed to the settlement requirement of

general CLSM (i.e., less than 5 % of the settlement was considered as stable level, (Gabr and Bowders,
2000).

Fig. 3 illustrates the average unconfined compressive strengths for various CLSM mixtures made with
ponded ash and mine tailings. There were increments in compressive strength of all CLSM mixtures due
to the hydration process of cementitious materials, which gradually completed with curing ages. The 7-
day and 28-day strengths varied in ranges of 0.22-0.51 MPa and 0.31-1.18 MPa, respectively. At the age
of 91 days, the strengths of all proposed mixtures ranged from 0.53 to 2.38 MPa. Furthermore, it is worth
noting that ponded ash notably affected to the strengths of the CLSM mixtures. The strengths of specimens
with ponded ash (Mix5 and Mix6 series) were higher about 200-300 % than specimens without ponded ash (Mix1
and Mix2 series). As ponded ash is pozzolanic, it is expected to have contributions to strength development
resulting from its presence (especially, 91-day strengths). Therefore, the strengths of the ponded ash based
CLSM showed higher values than those of the sand based CLSM.
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Fig. 3 Unconfined compressive strengths of the proposed CLSM
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3. Numerical analysis
3.1 Modeling the proposed CLSM in highway construction

In the current study, the finite difference analysis package FLAC 3D was used in the numerical
analyses to simulate the proposed CLSM used as a backfill material of the trenches in highway road and
analyze the effects of surrounding soil conditions, mix proportions on the stress and deformation of this
material. Five governing materials, tentatively named asphalt, sub-base, CLSM, pipe, and surrounding
soils were employed in the FLAC 3D numerical simulation (Fig. 4). A total of 126672 zones and 136525
grid points were automatically generated in the finite difference grid. The bottom of the grid and the
lateral boundaries were fixed. A relatively fine mesh was used near the CLSM-pile interface because
large shear strain variations were expected and the mesh became coarser with a ratio of 1.2 further away
from the CLSM material. The different surrounding ground conditions and various types of CLSM were
analyzed using the finite difference program FLAC 3D. A model dimension of finite difference meshes
extending to a depth of 3.0 m below the ground surface and laterally to a distance of 3.0 m from the pile
centerline was applied for all case studies with only differences from soil stratum and CLSM types. The
traffic load of 130 kKN (200 mm tread) was appliled on the surface of the asphalt layer considering the
safety factor of 1.4 (i.e., considering the critical case of the maximum vehicle weight of the truck in
Korea) (Lee., 2009).
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Fig. 4 3D finite difference grid used in the analyses FLAC 3D

3.2 Numerical results and discussion

Fig. 5 presents the compressive strength (a) and displacement (b) of various CLSMs with different
surrounding soil conditions. As a result, when the surrounding soil condition is relatively weak (Esii=50
MPa), the maximum compressive stress in CLSM showed a high value of 840.71 kPa whereas the value
of displacement was only 2.3 mm, expectedly (i.e., it is much smaller than the settlement requirements of
1 inch or less (Lingwall, 2013)). As the surrounding soil condition is improved (i.e., an increase in young
modulus from 50 MPa to 250 MPa), there were reductions in both maximum compressive stress (2.3 %)
and displacement (26 %). This is due to a reduction of traffic load acted on CLSM since a partial traffic
load is transferred directly into the hard soil layers and eventually lead to the decrease in stress and
displacement in CLSM. Note that, the effect of surrounding soils on displacement is more pronounced
than that on compressive stress.
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conditions

Finally, based on the numerical analysis, it is worth noting that the proposed CLSM mixtures, which
have the long-term strength larger than 840.71 kPa (i.e., the maximum value of compressive stress in
CLSM by numerical analysis), can be used as a backfill material in highway road. In other words, the
ponded ash based CLSM mixtures (Mix3, Mix4, Mix5, and Mix6) in the above experimental program
conformed to the requirement of strength. However, the strength of sand based CLSM mixtures (Mix1,
Mix2) was lower than the abovementioned requirement and therefore an increase of cement content in the
proportion is needed.

4, Conclusions

In this study, experimental and numerical studies were conducted to evaluate the feasibility of
controlled low strength material (CLSM) production using by-products (e.g., ponded ash and mine
tailings) for highway construction applications (e.g., backfill, utility bedding, void fill). The following
conclusions were drawn:

1. In the experimental program, the high-workable CLSM incorporating the tailings and ponded
ash satisfied the standard guideline specified in the ACI 229R. In addition, the positive effects of
ponded ash and mine tailings on strength and stability (settlement) the proposed CLSM
mixtures, respectively, were observed (i.e., ponded ash can improve strengths whereas mine
tailings help in reducing settlement).

2. In the numerical analysis, it was found the increases in compressive stress, but decreases in
displacement with the growth of the CLSM modulus, regardless of surrounding soil conditions.
Moreover, as the surrounding soil condition is improved, there were reductions in both
maximum compressive stress and displacement. The total maximum compressive stress and
displacement were observed from numerical analysis.

3. Finally, based on the results from the numerical analysis, the mixtures in the experimental
program were back-analyzed to propose the final proportions of CLSM. As a result, ponded ash
based CLSM is more suitable than sand based CLSM for the target applications of this study.
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